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Driving Sewer Tunnels T] 


Under Air 


Designer Took Advantage of Stiffest Material Located by Borings 












View of Airlock Toward Tunnel 


encountered, has caused the fail- 
ure of many competent contractors. 
It has spelled the difference between 
profit and loss on many minor jobs. 
When properly handled it is as easy to 
remove as earth. If its presence is 
known before a job is started and the 
particular piece of construction work 
designed with the full knowledge of the 
expanse and limits of this treacherous 
material, then not only is greater pro- 
tection afforded the contractor but a 
more economical piece of construction 
results. 

In sewer and tunnel work as well as 
in footings for engineering structures 
water-bearing silt, fine sand and mucky 
soil are often encountered. Especially 
is this true in the flood plain areas of 
our great rivers. Consequently, when 
Consoer, Older and Quinlan, Consulting 
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Engineers of Chicago, took charge of 
the proposed relief sewer problem at 
Owensboro, Kentucky, on the Ohio 
River, one of their first field investiga- 
tions was a complete system of borings 
a few feet outside the area of the pro- 
posed sewer lines. Accompanying this 
article is the profile of part of Locust 
St., of the central system, on which 
borings are clearly shown. Reference 
to the profile shows the depth at which 
the lines were placed. The engineers 
knew that if the lines were laid such 
that open type construction would be 
employed, that it would be considerably 
more expensive than to lay the lines 
deeper and use tunnel construction. 
The quicksand natute of the soil and 
the fact that the lines passed under the 
built up section of the town are the 
causes of this decision. Consequently, 
they decided to get as good a roof as 
possible for tunnel work and yet not 
be forced to go too deep. Fortunately 
they were able to accomplish their de- 
sign and use the stiffest clay encoun- 
tered within their possible working 
depths. 

Mining Operations.—The clay stra- 
tum underlying the ever present 15 to 
20 ft. of sand, silt and water is of a 
rather strange character. When kept 
dry. or when the water above it can be 
successfully held back it remains firm 
and unyielding and mining operations 
can be continued without resorting to 
heavy timbering. To keep it this way, 
the contractor has had to work in 12 
to 16 lb. of air on the average. The 
work is divided among three shifts, 
working for the full 24 hours as fol- 
lows: 

The day shift starts at 6:00 A. M. 
When working on a 96-in. section, the 
usual length of drive for this shift has 
been 14 ft.; but when working in 
smaller sections, 84, 78 and 72 in., 
respectively, the crew is expected to 
complete the mining on a 16-ft. drive. 
This is lengthened for the 66, 60 and 
48 in. sizes. By 3:00 P. M. the mining 
crew should be finished and the con- 
creting crew comes on. This crew 
works until 9:00 P. M. and completes 
the concrete lining of the previous 
shift’s mining. Then a combination 
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hrough Quicksand 


The Concrete Crew Poses 


shift comes on and finishes by 5:00 
A.M. This latter crew mines and con- 
cretes its own drive. This, arrange- 
ment leaves one hour, between 5:00 
A. M. and 6:00 A. M. during which 
time repairs may be made, track fixed 
or unexpected jobs finished. 


The mining operation, in practically 
all cases, is accomplished in three 
separate and distinct steps, the first of 
which may be subdivided into two. In 
the top half of the section, that above 
the spring line, a 30-in. width is mined 
out for one-half the drive required of 
the shift. From three to five roof 
boards, 2 in. x 12 in. hardwood stock, 
are then placed. The previous day’s 
concrete work supports one end of these 
boards while the end at the face in 
this part of step number one is sup- 
ported by face boards which are also 
of hardwood stock about 10 in. wide. 
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The second part of step number one 
consists of widening the entry each way 
from the center until the entire upper 
half, that above the spring line, is re- 
moved. Then a 6-in. steel channel, 
semi-circular ring, made up of two 
quarter circular rings bolted together 
at the center is placed at the face. The 
ends of the steel ring rest upon boards 
acting as spread footings. The center 
is supported under the bolts at the face 
by an 8 in. x 8 ft. timber surmounted 
by a short shoring jack. 


Step number two is a repetition of 
step number one extending the top half 
of the section another 8-ft. drive. In 
this case, however, the face boards or 
wooden bulkhead as it may be called 
is left as a support at one end instead 
of placing a ring. 


Step number three consists of remov- 
ing the entire bottom half of the sec- 
tion. Ordinarily no timbering is used 
on the bottom half. Air spades are 
used exclusively in digging operations 
and the contractor endeavors to em- 
ploy short young men for this work. 
The center support which was placed 
in the first part of step number one is 
mined out in this step but is replaced 
by a longer timber. The screw shor- 
ing jack is on the top of the timber 
while the butt rests upon a 12 in. x 
12 in. precast concrete block, the top 
surface of which is laid at invert 
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Profile of Locust St. Showing Borings and Location of Sewer 


grade. The block rests upon a board 
spread footing. A second jack made 
of 2-in. double strength pipe is then 
placed crosswise to stop each foot of 
the steel ring from collapsing. This 
is done to keep the ring in place when 
the bottom is mined out. Just enough 
of the bottom is left immediately be- 
neath the ring to give it some vertical 
support until the last minute when it 
is removed before the concrete is placed. 


Ordinarily the work is carried out in 
12 to 16 lb. of compressed air. In a 
few instances when the amount of pro- 
tection afforded by the clay roof had 
fallen away to a depth of 2 ft. or under 
it was necessary to use 20 to 22 Ib. 
of air. At such times the excavation 
proceeded at a much slower rate, great 
care being taken to insure sufficient 
timbering to hold up the roof. The 
drives were shortened to 10 ft. or less 
and 3 in. x 8 ft. hardwood timbers used. 
The mining operations, however, fol- 
lowed the same sequence except that 
the only material excavated was that 
necessary to place one roof board and 
bulkhead board at a time. 


Bulkhead.—The face boards or bulk- 
head used consists of a series of 2 in. 
x 12 in. hard wood boards placed ver- 
tically in the face and cut to conform 
in size and shape with the section under 
construction. At the end of each drive 
they are placed, a board at a time, in 
place vertically in the face. For the 
day shift, it is necessary to place a 
ring when the first drive is completed 
and then remove the face boards so as 
to proceed. When the mining crew 
finishes their day’s work the bulkhead 
is in place on a short bench as shown 
by the accompanying diagrams. 
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Mining Through Buried Dump.—A 
rather ingenious method of protecting 
the roof and retaining the compressed 
air was used by the contractor to 
enable him to mine a section of some 
60 ft. in length, through a subsoil, a 
condition not ordinarily encountered. 
The alignment of the 96-in. trunk sewer 
on Locust St. necessitated building the 
sewer through an old ravine, that had 
been used years before as a city dis- 
posal yard, and had been filled up with 
ashes, cinders, sawdust, and every 
imaginable sort of debris. This ravine 
or draw was located some 200 ft. from 
the river, and in its natural state had 
formed a drain for the surrounding 
territory, emptying into the river some 
400 ft. above the proposed discharge 
point of the 96-in. sewer. In times of 
ordinary high water, the fill in the 
ravine being porous and in an un- 
settled condition becomes saturated 
with water. 


When this point was reached with 
the mining and concreting operation the 
air pressure dropped from 10 lb. to 3 
lb., all of it escaped through the filled 
up ravine; water began pouring into 
the tunnel in no small quantities. The 
contractor immediately built a 2-ring 
brick bulkhead on the end of the con- 
crete sewer tunnel already completed, 
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and drilled a 2%-in. hole through the 
roof some 14 ft. back from the face. 
Through this hole approximately 1,200 
bags of cement grout was pumped, so 
much, in fact, that the grout forced its 
way upward some 90 ft. through the 
way upward some 40 ft. through the 
old cinder fill to the surface of the 
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Conditions Under Which Cave-in Occurred 


brought back to approximately 7 lb., the 
broken bulkhead removed, and mining 
operations resumed. It was, of course, 
necessary to break through the grout 
that had been forced ahead of the 
tunnel as well as above it but the bad 
roof was effectively sealed and capped. 
It was necessary to repeat this opera- 
tion once more, before natural ground 
was reached. However, the second time 
only about 500 bags of cement was 
used for grouting. 

Shaft Construction.—Because of the 
fluid consistency of the subsoil the con- 
tractor found it necessary to drive a 
box shaped steel sheet pile cofferdam 
down to the clay stratum. Open exca- 
vation continued down for about 20 ft. 
at which point vertical air locks are 
constructed. The air locks are made 
an integral part of the shaft. This 
shaft later constitutes the manhole. 
The air locks are knocked out and the 
side walls smoothed up to complete the 
manhole. 

A peculiar part of the construction 
of the walls of the shaft-manhole is 
the fact that the timber bracing used 
to hold the sheet pile load is concreted 
in place. This timber bracing consists 
of 10 in. x 10 in. timbers around the 
inside of the cofferdam spaced about 
5 ft. apart vertically. Corner braces 
are placed to help strengthen the 10 in. 
x 10 in. walls. Over the timber there 
is about 6 in. of concrete making the 
shaft-manhole walls at least 16 in. thick 
for the most part. 

After the vertical locks are con- 
structed excavation continues down- 
ward to the flow line. Timber bracing 
is placed just as before and the walls 
conecreted up to meet the first concrete 
poured, except for the outlets where 
headings run out from the bottom of 
the shaft. 

In the mean time, grout is pumped 
down through pipes to the junction of 
the clay stratum with the outside of 
the sheet piling. The cofferdam is 
sealed on all four sides this way to 
prevent loss of pressure when the head- 
ings are started. After about 50 ft. 
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is opened each way from the shaft, the 
horizontal locks are built in place. 


Concreting—At 3:00 P. M. after 
the miners have braced up, the concrete 
crew goes to work with short handled 
shovels. A 1:2%2:4 concrete in small cars 
is brought through the lock and dumped 
out onto the floor as shown in an ac- 
companying picture. Full circular steel 
rings were placed on line and boards 
inserted one at a time to hold the con- 
crete until it rose to a height overhead 
where a space about 24 in. wide was 
left through which the concrete was 
shoveled. 


The edges of the boards are beveled 
to fit close and are all laid in the 
bottom clear up to the spring line to 
start with. The accompanying sketch 
gives an idea of the nature of the chan- 
nel semicircular steel rings and shows 
how the boards are placed. It will be 
noted that a 2-in. wooden block is placed 
between the two halves so that the 
forms may be wrecked easily after the 
concrete has set. The top is closed by 
inserting steel plates progressively, 
each about 24 in. wide and bent to 
shape, and shoveling concrete through 
the slot and over the plates. After 
concrete has been placed, ties are laid 
between the steel ribs and rails ex- 
tended to the face of the heading. A 
floor is also laid on the ties. 


When forms are wrecked the finisher 
puts on a plaster coat about % in. thick 
and brushes it. He then puts on two 
more brush coats after that with a 
1:1 mortar. This brush coat is the 
final finish. In the bottom quarter be- 
low the spring line, i. e., over the 
invert, the concrete is left about 1 in. 
low when the lagging is placed. To 
bring the invert to grade a batch of 
1:2 mortar is placed in this quarter 
are. This gives a hard, smooth invert. 
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Arrangement of Concrete Forms 


At the end of a heading a brick bulk- 
head is installed until the heading from 
the other direction meets it. After all 
concreting is done, clean up of track 
and floor follows before the bulkhead 
is knocked out between the new and 
the old work. Air is then left off to 
test for leaks. Any that appear are 
calked with oakum and lead wool. 
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Then the brick bulkhead is knocked out 
and the barrel finished off. 


Handling a Cave In.—A small but 
rather costly cave in occurred at Eighth 
and Hathaway Sts. during the construc- 
tion of the Eastern trunk line. The 
sewer in question was of 78-in. interval 
diameter and had been driven some 700 
ft. from the shaft. Approximately 
15 lb. of air pressure was being used. 
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Method of Repairing Cave-in 








A little difficulty was being experienced 
in the north heading of the shaft and 
work was temporarily suspended in the 
heading in question, while practically 
all the air was turned into the north 
heading, the valves in the south being 
throttled. A full wooden bulkhead had 
been left in tne face of the south head- 
ing, and the concrete had been carried 
to within 1 ft. of this bulkhead, leaving 
the roof unprotected except for three 
2 in. x 12 in. planks, spaced some 4 in. 
apart, extending from the top of the 
concrete to the wooden bulkhead. The 
compressed air in the tunnel had been 
cut down to approximately 3 lb. and 
had remained in this condition for 
about 36 hours when the cave in oc- 
curred. The top gave way in the 1 ft. 
of unprotected roof, and filled about 40 
ft. of sewer with sand, clay and some 
water. A hole, approximately 7 ft. 
square and some 4 ft. deep, appeared in 
the street above. The hole in the street 
was immediately filled with clay, capped 
with a concrete mat and the air turned 
back to its original 15 lb. The sewer 
was then cleaned out up to the original 
end of the concrete. Poling boards 
were then driven ahead even with the 
top inside roof of the sewer and held 
in place with a miner’s ring and screw 
jacks. The ground or earth under- 
neath this protection was then ex- 
cavated and taken out. A second set of 
boards were driven from the face back 
to catch the top of the existing con- 
crete. These timbers were 8 in. x 8 in. 
hardwood and were made to fit as close 
together as possible. The original set 
of timbers put in at first were then 
removed, and the concrete hurriedly put 
in, thus shielding and capping the hole. 
As an extra precaution a grout pipe 
was inserted in the section afterward 
and about 100 bags of cement grout 
was forced into the hole and around the 
sewer barrel to guard against future 
leakage. 


An investigation of the borings at 
this point showed about 5 ft. of soft 
clay on the roof of the tunnel, topped 
with 20 ft. of sand and water. With 
the air reduced to a minimum the water 
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seeped through the clay, weakening it 
until it finally gave way. 


Organization of Crews.—The exca- 
vating crew was organized as follows: 
2 miners 
3 muckers 
1 locktender 
1 pit man 
1 hoist man on top 
1 box dumpman 
1 foreman at shaft 


Two headings were worked out of 
each shaft, hence a double heading 
crew. Electricity is used throughout. 
The boxes hoisted through the shaft are 
dumped by one man on top by simply 
sliding a beveled platform on rails 
under the box then lowering the box. 
The box dumps into a hopper out of 
which trucks haul the material away to 
convenient dumps. A heading crew 
averages about 35 cu. yd. of material 
per shift. 

The concrete crew is organized as 
follows: 


one heading 


pusher 
shovelers 
lock tender 
mixer operator 
hoist operator 
foreman 


one heading 
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Duties of Inspectors on Sewers.—In- 
spectors will carefully note the follow- 
ing: 1. Check position of model, both 
as regards to grade and center-line of 
sewer. Be sure that it is suitably 
blocked, with at least one good block di- 
rectly underneath it. 2. We call fora 
12-in. thickness of concrete on all sew- 
ers 84 in. and over, and 10-in. thickness 
on all sewers 78 in. and under, built 
in tunnel. Be sure that the proper 
amount of dirt has been excavated from 
the bottom and sides to get this thick- 
ness. 3. We use a 1:2%:4 mix of 
concrete, or 1 bag of cement, 2% bags 
of sand and 4 bags of gravel, which 
are the exact contents of each wheel- 
barrow for the two-bag mix used on 
this job. 4. A minimum of one min- 
ute is allowed for time of mixing of 
each batch. 5. After the bottom has 
been poured up to the spring line, and 
before the lagging is put in position, 
place a 1:2 mortar coat on the bottom 
quarter of the sewer barrel. 6. Be 
sure all lagging and key plates have 
been properly oiled before being used. 
7. When the rings are installed, be 
sure that they line up, in a straight 
line from the old work to the model. 8. 
Check the top half and roof for suffi- 
cient thickness of concrete. 9. The 
first two batches of concrete after bot- 
tom lagging and ring installation 
should be quite wet. Use one batch 
on each side. 10. Then, remove side 
boards and insist on sufficient pound- 
ing of lagging at the lower quarter 
points to insure a good face on finished 
concrete. 11. Thereafter insist on the 
hitting of the lagging with hammers, 
after every three board installation; 
concrete should also be well spaded dur- 
ing this process. 12. Keep the con- 








WATER WORKS AND SEWERAGE 


crete mix quite wet and plastic through- 
out the pouring of the section from the 
spring line to the placing of the key 
plates. 13. Before the first key plate 
is installed, insist on a repounding of 
all lagging previously placed, 14. 
Stiffen up mix of concrete during key- 
ing-up process. 15. After the first two 
or three shovels of concrete have been 
deposited on the plate, tap the bottom 
of them lightly with a hammer. 16. 
When keying up, be sure all voids are 
filled up from the plate to the roof; this 
can be accomplished by shoving the 
concrete back against the roof with a 
2x4-in. timber. 

Records to Be Kept.—Keep accurate 
records of events as stipulated below: 
Keep accurate count of actual number 
of sacks of cement used during oper- 
ation. 2. Record length of concrete 
section poured, along with date and the 
heading in which the operation took 
place. 8. Record any difficulty or pe- 
culiarity encountered during the proc- 
ess of the work—anything which in 
your opinion the Engineer should be 
advised of. 

Those Responsible.—The work is be- 
ing done by Thos. D. Nolan, Contractor, 
Detroit, Mich., under the supervision of 
Consoer, Older and Quinlan, Consulting 
Engineers, Chicago, IIl., for the city of 
Owensboro, Kentucky, on a bond issue. 
The engineers’ estimate on the job was 
$1,130,000 for construction work. Nolan 
was the low bidder at $1,098,000, all 
other bids exceeded the estimate. 

Mr. George Consoer is handling the 
job out of the Chicago office for the 
engineering firm; Mr. Joseph A. Schudt 
is their construction engineer. Mr. Carl 
Ketchum is superintendent and engineer 
for the contractor. Over $300,000 
worth of work has been completed to 
date without a single serious accident. 





Difference Between Merger 


and Consolidation 


In the recent consolidation proceed- 
ings of the Eastport Water Company 
before the Maine Commission, an inter- 
esting discussion of the difference in 
meaning, if any, of the words “merger” 
and “consolidation” was given. The 
following discussion by the commission 
was taken from Public Utilities Fort- 
nightly: 

“The process by which it is sought to 
combine these several corporations into 
one has been generally referred to as 
‘consolidation’ proceedings; the evi- 
dence shows that the stockholders voted 
to ‘merge and consolidate with Maine 
State Water and Electric Companies’; 
counsel on both sides have frequently 
used the terms ‘merge’ and ‘merger’ 
throughout their discussion of the case, 
and our statute uses the expression 
‘merge or consolidate.’ 

“The consolidation of corporations 
strictly speaking contemplates and re- 
sults in a dissolution of the constituent 
companies and the formation of a new 
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corporation. (Scheidel Coil Co. 
Rose, 242 Ill. 484, 90 N.E221.) 

“A merger is generally said to exis 
where one of the constituent companic 
remains in being, absorbing or mergin 
in itself all the other constituent co 
porations. Such a merger, however, i 
often properly termed a consolidatior 
These proceedings do not seem to us t: 
fall within the strict rule either oi 
merger or consolidation, although par- 
taking to some extent of the essen 
tial elements of both. (Re Bangor R. 
& Electric Co. P. U. R. 1925 E 705.) 

“Courts have sometimes held, how- 
ever, that the results of consolidation 
are somewhat dependent upon the word- 
ing of the statute, and that as a gen- 
eral rule consolidation dissolves the 
original corporation involved and cre- 
ates a new one, but if the legislature 
simply authorizes consolidation the gen- 
eral rule applies.” (Re Eastport Water 
Co. U—1046 et al.) 
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Florida Section, A.W.W.A., 
Holds Annual Meeting 


The fourth annual meeting of the 
Florida section, American Water Works 
Association, was held in Gainesville, 
Fla., on April 10 and 11. It was pre- 
ceded by the first short course in water 
and sewage treatment offered by the 
General Extension Division of the Uni- 
versity of Florida, in conjunction with 
the Florida section, American Water 
Works Association, and the Florida 
State Board of Health, on April 8 and 
9. Enrollment for the short course con- 
siderably exceeded the expectations of 
those in charge, 69 having registered 
during the two days in which it was 
given. Conforming with the request of 
the association, the short course will 
be made an annual affair, and the time 
will be extended to four or five days, 
thus permitting a more thorough treat- 
ment of the subjects discussed. 

The registration for the fourth an- 
nual meeting was the largest in the 
history of the section, some 125 being 
in attendance. During the two-day ses- 
sion 19 papers were presented and 
discussed. 

West Palm Beach, Fla., was selected 
as the meeting place for 1931. Officers 
elected were as follows: A. P. Black, 
professor of chemistry, University of 
Florida, Gainesville, Fla., chairman; F. 
W. Lane, St. Petersburg, Fla., vice- 
chairman; E. L. Filby, State Board of 
Health, Jacksonville, Fla., secretary- 
treasurer (re-elected). Director for 
1932 is J. R. Hoy, Jacksonville, Fla. 
Directors for 1933 are J. R. Tanner, 
West Palm Beach, Fla., and T. W. 
Grant, Tampa, Fla. Representative to 
the National Council, A.W.W.A. is A. 
P. Michaels, Orlando, Fla. 

Retiring officers for the year are: 
Ralph W. Reynolds, West Palm Beach, 
Fla., chairman; Charles H. Eastwood, 
Jacksonville, Fla., vice-chairman; E. L. 
Filby, Jacksonville, Fla., secretary- 
treasurer (re-elected). 
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FILTRATION PLANTS 


A Section Dealing with Their Design, Construction and Operation 


Conducted by JOHN R. BAYLIS, Associate Editor 


Filtration Engineer, Bureau of Engineering, Chicago, III. 

















O much has appeared on coagula- 

tion in the technical literature 
within the past ten years that a dis- 
cussion of this subject at the present 
time may seem out of place. This is 
an attempt to explain more clearly 
certain phases of coagulation. It is 
limited largely to the structure of ge- 
latinous precipitates, their composition 
and the way in which they remove sus- 
pended matter from water. By a more 
thorough understanding of what takes 
place when water is coagulated with 
the aluminum or iron compounds it is 
believed that these materials may be 
used to better advantage in some filtra- 
tion plants. 


Coagulation Followed by Filtration 
Through Rapid Sand Filter Beds Used 
Most Extensively.—Coagulation of tur- 
bid waters followed by filtration 
through rapid sand filters has almost 
become the universal practice in the 
United States. The number of slow 
sand filtration plants constructed with- 
in the past 15 years is very few com- 
pared with the number of rapid sand 
plants that use a coagulant prior to 
filtration. In fact some of the slow 
sand plants use a coagulant when the 
water is fairly turbid. Coagulation of 
the water followed by a period of mix- 
ing, settling and then filtration through 
coarse sand beds at a high rate has 
demonstrated its superiority over filtra- 
tion through fine sand at slow rates 
without chemical treatment so conclu- 
sively that it is believed very few slow 
sand plants will be constructed in the 
future. 


Structure of Gelatinous Precipitates 
Difficult to Determine.—The main func- 
tion of the chemical treatment in most 
filtration plants is to produce a coagu- 
lation that will entrap the suspended 
particles such as mud, bacteria and 
microorganisms, and bring them _ to- 
gether into fairly large masses of the 
coagulant with this matter entrapped. 
The nature of jellies and gelatinous 
precipitates has been the subject of 
much controversy among chemists and 
there is not general agreement at the 
present time as to the makeup of such 
precipitates. To attempt to give a dis- 
cussion on coagulation without making 
it too technical for engineers, and filter 
operators other than chemists, is a very 


Coagulation 


difficult task. The fact that we are 
dealing with fibers or particles in ge- 
latinous precipitates so small that the 
most powerful microscope will not re- 
veal their structural formation makes 
an explanation still more difficult and 
leaves room for doubt with any ex- 





Fig. 1—Camera Lucida Drawing of Sponge 


planation that may be given. If one 
were standing on a mountainside look- 
ing at a forest 10 miles away without 
field glasses of any kind he would be 
in about the same position with regard 
to determining the size and shape of 
the limbs on the trees as we are in 
trying to determine the structural for- 
mation of gelatinous precipitates of 
hydrous aluminum oxide with the mi- 
croscope. The writer prefers to use the 
term “hydrous aluminum oxide” as used 
by Weiser to express the precipitate 
formed from aluminum sulfate instead 
of “aluminum hydroxide” which is used 
so commonly in the literature on water 
treatment. 


That there is an enormous increase 
in the volume of the hydrous aluminum 
oxide precipitate over an equal volume 
of commercial aluminum sulfate (this 
contains about 17 per cent of alumi- 
num oxide) is well known. It is also 
known that the precipitate forms with 
sufficient adhering or binding force for 
the particles of flocculated matter to 
form large enough to be seen without 
magnification. Anything that holds to- 
gether must have some binding force, 
even though very little is required to 
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hold it together in water. The diffi- 
culty in trying to form some idea as to 
how strongly such precipitates are held 
together is so great that not much in- 
formation is available. The engineer 
can measure the strength of structural 
materials with considerable accuracy, 
but when it comes to measuring the 
strength of fibers sub-microscopic in 
size the task is not so simple. 


Probable Makeup of Gelatinous Pre- 
cipitates.—The belief is now fairly gen- 
eral that gelatinous precipitates are 
composed of a network of extremely 
finely divided particles which have co- 
alesced to form flexible and irregular- 
shaped filaments or chains. These fila- 
ments absorb water very strongly and 
consequently are very hydrous. There 
probably is nothing to which we may 
accurately compare the makeup of a 
gelatinous mass. Some have attempted 
to compare it with a brush-heap, yet it 
is evident that this cannot be a true 
comparison, for the limbs of trees are 
more regular in shape than the fibers 
of most gelatinous masses are believed 
to be. More frequently the structural 
formation is said to be sponge-like. To 
give some idea of what is meant by 
this term, a camera lucida drawing of 
a sponge is shown in Fig. 1. It also 
should be evident that the fibers of the 
sponge are too regular in shape to give 
a true comparison. 


The writer’s conception of the make- 
up of gelatinous precipitates of hy- 
drous aluminum oxide and hydrous fer- 
ric oxide is illustrated by Fig. 2. While 
this is a camera lucida drawing of 
fibers of iron rust on the inside of tu- 
bercles where iron has been corroding, 
and the fibers are perhaps thousands of 
times larger than those of a gelatinous 
precipitate, they form an irregular 
meshwork that probably represents a 
gelatinous precipitate if the fibers could 
be magnified to this size. It is not 
believed that the magnification pro- 
duced by the most powerful microscope 
is near what would be necessary for 
detecting the fibers that constitute the 
makeup of many gelatinous precipi- 
tates; therefore, our conception of such 
precipitates lacks definite proof. The 
best we can do is to observe the forma- 
tion of certain precipitates that form 
fibers or particles large enough to be 
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seen with the microscope and to as- 
sume that the gelatinous precipitates 
are formed in the same general man- 
ner. Barratt’ claims to have observed 
a non-crystalline fibrillary structure 
which formed an enmeshing network in 
fibrin jellies. In fact, several authors 
claim to have observed the fibrous for- 
mation in certain jellies. The writer 
has not observed gelatinous precipi- 
tates in which the structure of the pre- 
cipitate could be detected, but has ob- 
served conditions that may give some 
clue to their formation. 


Formation of Calcium Carbonate 
Precipitate on the Surface of Limewa- 
ter May Be Similar to the Formation 
of Gelatinous Precipitates.—The for- 
mation of a precipitate of calcium car- 
bonate at the water-air surface of a 
strong solution of calcium hydroxide 
may give some indication of what takes 
place in the formation of gelatinous 
precipitates. Within 5 to 10 seconds 
after exposure to the air a large num- 
ber of calcium carbonate spherules are 
formed, which are in rapid brownian 
movement. These spherules increase 
in size quite rapidly, but before they 
are more than 2 to 8 micra (one micra 
is 0.001 mm.) in diameter they begin 
to adhere into chains somewhat like a 
string of beads. The attractive force 
of the chain for the unattached spher- 
ules appears to be very much greater 
at the ends of the chain than along the 
sides, especially after the chains have 
lengthened 5 or 6 spherules. A few 
spherules may attach themselves along 
the sides after the ends of the chains 
have joined together over the surface, 
but the force along the sides certainly 
is not nearly so great as at the ends. 
If this were not the case the spherules 
would just clump together and form a 
mass somewhat like that of moist sand 
thrown from a shovel so as to make it 
as loosely compact as possible. For 
precipitates that form a volume greatly 
in excess of the actual solid that makes 
up the precipitate, it is necessary when 
two spherules unite that they have a 
much greater attractive force for other 


1 Biochem. J., 14: 189, 1920. 
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Fig. 2—Fibrous Iron Rust from Tubercle 
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Fig. 3—Surface Crystallization of Saturated 
Solution of Limewater Exposed to the Air 
One Minute 


spherules along the line of the chain 
than along the sides. 


The drawing in Fig. 3 represents the 
surface of a saturated solution of lime- 
water exposed to the air about one 
minute. It is noted that the chains 
have joined into a: network over the 
surface and there are only a few free- 
floating spherules. Most of these be- 
came attached within the next two or 
three minutes. The drawing is only 
partially camera lucida, for it is evi- 
dent that such a drawing as shown 
could not be made from something that 
is changing rapidly. The strength of 
the limewater solution has considerable 
influence on the size of openings in the 
meshwork. A saturated solution will 
form a meshwork with openings very 
much smaller than a solution only one- 
tenth saturated. After the formation 
of the meshwork of chains of spherules, 
the solution continues to absorb car- 
bon dioxide from the air and this keeps 
the solution supersaturated with cal- 
cium carbonate for some time. This 
builds up the fibers or chains much 
larger in diameter than they would be 
if no additional carbon dioxide gained 
access to the solution and they look 
more like smooth fibers than chains of 
spherules. This is shown by Fig. 4. 
Occasionally conditions were produced 
with solutions less than saturated in 
which the spherules did not coalesce. 
The reason for this was not determined. 

The first solidification of calcium car- 
bonate at the water-air surface very 
likely is crystalline, but it is not a 
stable crystallization, for after the 
strength of the limewater solution has 
been reduced quite materially at the 
surface by adsorbing carbon dioxide 
from the air, typical calcite crystals 
begin to form. These crystals increase 
in size as the first solidification near 
the crystals goes back into solution, in- 
dicating that the calcite crystals are a 
more stable form of calcium carbonate. 
This is illustrated in Fig. 4, the draw- 
ing having been made about 30 minutes 
after exposure to the air. A gelatinous 
precipitate of calcium carbonate may 
be formed within the mass of the solu- 
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tion under certain conditions with high 
concentrations and when an enormous 
supersaturation is produced very rap- 
idly, such as the mixture of two strong 
solutions, one containing the calcium 
and the other the carbonate. This also 
is not a stable precipitate and changes 
to a more crystalline form, perhaps in 
the same manner as the precipitate at 
the surface of limewater. The same 
phenomenon has been observed with 
other precipitates. Endres’ describes 
and illustrates changes in the crystal- 
lization of sulfur in rubber, showing 
rhombic crystals growing at the ex- 
pense of the unstable dendritic form. 
As to whether such things happen with 
the precipitates of hydrous aluminum 
oxide and hydrous ferric oxide pro- 
duced in water treatment, there is con- 
siderable doubt, although there are a 
few references in the literature to cer- 
tain precipitates becoming more crys- 
talline on standing. 


We have no absolute proof that the 
hydrous oxides of iron and aluminum 
form gelatinous precipitates by first 
forming spherules and then a coales- 
cence of the spherules, though the evi- 
dence is fairly conclusive. The fact 
that the compact precipitates are 20 to 
40 times the volume of the actual solids 
going to make them up, makes it seem 
impossible that they could form such a 
porous precipitate in any other man- 
ner, except possibly by the formation 
of needle crystals. Comparison of the 
calcium carbonate fibers in Fig. 3 and 
4 indicates that the nearer the solution 
is exhausted of its supersaturation be- 
fore coalescence takes place the weaker 
will be the fibers. Where there is coa- 
lescence with considerable supersatura- 
tion it may be possible for the chains 
to grow larger in diameter the same as 
the calcium carbonate chains. The rea- 
son for giving so much space to the 
surface solidification of calcium car- 
bonate is because it is something we 
can see, and the manner in which it 
takes place is in accordance with the 


2 Colloidal Chemistry, J. Alexander. Vol. 1, 
pp. 808-13, The Chemical Catalog Co., 1926. 
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Fig. 4—Surface Crystallization of Limewater 
After Typical 7. Crystals Have Begun to 
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theories of the formation of gelatinous 
precipitates. 

Precipitation of Hydrous Aluminum 
Oxide.—The addition of aluminum sul- 
fate to water containing sufficient al- 
kali or alkaline carbonates produces a 
gelatinous precipitate commonly called 
alum floc. The sulfates react with the 
alkalies in the water and remain in 
solution except the amount that is ad- 
sorbed, and the aluminum forms a 
hydrous oxide. The hydrous oxide be- 
ing very insoluble, it forms a percip- 
itate when the pH of the water is be- 
tween 6.0 and 8.0. In fact, it forms 
precipitates below and above the fig- 
ures given, but increasing amounts of 
aluminum are found in solution as the 
distance from this range increases in 
either direction, probably being an acid 
compound on the acid side and an alka- 
line aluminate on the alkaline side. 

There are still differences of opinion 
as to whether the gelatinous precipi- 
tate is amorphous or crystalline. The 
evidence seems to be in favor of a 
crystalline structure, though it probably 
makes little difference in water treat- 
ment as to which it may be. The mi- 
nute solid particles before they coalesce 
are in rapid brownian movement and 
possess a positive charge. The assump- 
tion is that the positive charge is due 
to adsorption of hydrogen ions on the 
surface of the solid particles. In addi- 
tion to this surface layer that gives it 
its electrical charge, the minute par- 
ticles adsorb or draw close to their sur- 
face negative ions which tend to neu- 
tralize the charge on the particles. This 
is referred to by Michaelis® as an elec- 
tric double layer in that there is a pos- 
itive layer directly on the solid surface 
and a negative layer surrounding it, 
but probably not touching the positive 
layer. 


If the solid particles of hydrous alu- 
minum oxide happen to be submerged 
in water containing no negative ions 
other than the (OH)— ions of disso- 
ciated water, this, together with the 
hydrogen ions, would be the extent of 
their adsorption. Under some condi- 
tions this might be sufficient neutral- 
ization of the positive charge to allow 
coalescence to take place, though it 
probably is not under concentrations 
used in water treatment. This, how- 
ever, is immaterial in water treatment, 
for we never have water in public sup- 
plies that does not contain other nega- 
tive ions. Not only this, but the nega- 
tive ions of aluminum sulfate or ferrous 
sulfate alone are sufficient to produce 
coagulation if fairly large quantities of 
the coagulant are used. 


It is presumed that the ions most 
highly adsorbed will be the ones ad- 
sorbed to the greatest extent, and that 
bivalent ions will be adsorbed more 
readily than monovalent ions. There 
may be (SO,)—-, (Cl)-, (HCO;)-— and 
(OH)— present. In fact, most natural 
waters contain mixtures of these ions. 


*The Effect of Ions in Colloidal Systems. 
Williams & Wilkins Co., 1925. 
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Fig. 5—Adsorption of Negative Ions by Hydrous 
Oxide of Alumina, Which Produces Coagulation 


The sulfate and probably the chloride 
ions readily neutralize the charge on 
positive sols (the minute solid particles 
before they coalesce) of aluminum and 
iron hydrous oxides and cause coales- 
cence of the particles. The carbonate 
ions will cause coalescence when the 
concentration is high, and the hydroxyl 
ions probably will not at pH values be- 
low 7.0. Above pH of 7.0 the tendency 
to adsorb hydrogen ions drops off as 
the concentration of (OH)— ions in- 
creases and fewer negative ions are re- 
quired to neutralize the charge. Ata 
pH of 9.0 very few hydrogen ions are 
adsorbed by the minute particles and 
practically no sulfate or other negative 
ions except possibly the hydroxyl ions 
are adsorbed. The number of negative 
ions adsorbed will depend somewhat on 
the concentration of negative ions in 
the water. When 17 p.p.m. (one grain 
per gallon) of aluminum sulfate are 
used to coagulate water very few sul- 
fate ions are adsorbed at a pH of 7.0, 
whereas an appreciable amount will be 
adsorbed if 100 p.p.m. or more are 
used. 


A small particle of hydrous alu- 
minum oxide, supposed to represent the 
coalescence of three spherules of the 
sol, is shown in Fig. 5. The actual size 
of the particle is so small that it can- 
not be seen with the microscope. The 
positive charge at the surface is shown 
just inside the particle, though it is 
thought to be due to a layer of hydro- 
gen ions on the outside. The writer 
has never fully understood why a layer 
of adsorbed hydrogen ions is necessary 
to give the particle a positive charge; 
nevertheless, this is what is assumed 
by leading colloidal chemists to give it 
such a charge. The negative layer is 
distinctly on the outside of the particles 
and while very close to the positive 
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Fig. 6—Effect of pH of SO, Adsorbed by 
Hydrous Aluminum Oxide 
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layer it may not actually touch it. 
Some are of the opinion that adsorbed 
layers are only one ion or molecule in 
thickness, others believe it may be 
thicker, and still others account for 
such mixtures of ions with a solid as 
being in solid solution. 


The drawing in Fig. 5 shows SO,, Cl, 
CO; and OH ions forming a negative 
layer just outside the positive layer. 
The relative proportion of these ions in 
the layer will depend on their concen- 
tration in the water and their tendency 
to be adsorbed. That ions other than 
the SO, ions aid in forming a precipi- 
tate seems evident. It is possible to 
get a very good precipitate in some 
surface waters with only 5 p.p.m. of 
aluminum sulfate, whereas by taking 
distilled water and adding 20 p.p.m. of 
aluminum sulfate and enough sodium 
or calcium hydroxide to bring the pH 
to the optimum point it is difficult to 
form a precipitate. It seems that the 
only conclusion we may form is that 
the other negative ions aid in the for- 
mation of the precipitate. This may 
be why some of the very soft waters 
are more difficult to coagulate than 
some of the hard waters. 


Negative Ions Precipitated With Hy- 
drous Aluminum Oxide.—In the forma- 
tion of a gelatinous precipitate when 
aluminum salts are added to water it 
seems reasonable to expect the precip- 
itate to contain some of the negative 
ions of the salt. This is actually what 
happens in most instances, though it 
is possible for the precipitate from 
aluminum sulfate to be practically free 
from sulfates after washing when the 
pH is high. Miller* probably was the 
first to investigate the sulfate content 
of precipitates of hydrous aluminum 
oxide. He found the sulfate content of 
the washed precipitate to vary with the 
pH of the solution in which it was pre- 
cipitated. Concentrations very much 
higher than are used in water treat- 
ment were used by Miller, and he came 
to the conclusion that the concentration 
of sulfates had no effect upon the 
amount found in the precipitate. He 
also came to the conclusion that the 
sulfate was in solid solution instead of 
being adsorbed by the hydrous oxide. 
Hopkins* made a similar investigation, 
using more dilute solutions, and came 
to the same conclusion as Miller—that 
the sulfates are in solid solution. 


It is believed that Miller and Hop- 
kins are mistaken in their assumption of 
the solid solution, though their concep- 
tion of a solid solution may not differ 
materially from the physical or colloi- 
dal chemist’s conception of adsorption. 
We can take their data and construct 
typical adsorption curves by taking 
into account the effect of hydrogen- 
ion concentration. The SO, adsorbed at 
a definite hydrogen-ion concentration 
apparently does vary with the concen- 

4 Public Health Reports, 38: 35, 1995-2004, 
Aug. 31, 1923. same 


5J. Am. Water Works Assoc., 12, 
December, 1924, 
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tration of the SO, in the solutions, and 
gives curves that follow the Freundlich 
adsorption equation very closely. This 
is shown in Fig. 6. The points for the 
concentration of slightly less than 1,000 
p.p.m. of SO, were obtained from Mil- 
ler’s data, and the other points were 
computed from Hopkins’ curves for 5 
and 50 grains per gallon of aluminum 
sulfate. Miller and Hopkins plotted 
these curves with the pH against the 
Al:SO, ratio. To be exact, the sulfate 
adsorbed should be deducted from the 
sulfate in solution as shown, for the 
concentrations in solution are computed 
from the added sulfates. As the curves 
are not intended to be exact, this 
makes little difference. 


These curves are given merely to 
show that they are typical adsorption 
curves at definite pH values. Hopkins’ 
curve for one grain per gallon would 
give points out of line from the ones 
shown, but as only two points for this 
amount of aluminum sulfate are given, 
more exact data over a wider pH range 
probably will show it to be more in line 
with what should be expected. The 
reason that Miller got very little addi- 
tional adsorption of sulfate ions by in- 
creasing the concentration four times 
is that the precipitate had practically 
reached its maximum adsorption with 
his lowest concentration. Not only this, 
but some of the sulfate may have been 
washed away in the washing process. 
Taking Freundlich’s adsorption equa- 

1 


tion A=-aC"™ and assuming values 
for the constants, curves can be plotted 
that fit the ones shown very closely. 
In the equation, A is the grams of SO, 
adsorbed by one gram of Al in the 
form of the hydrous oxide, C is the 
concentration of sulfate in solution in 


1 
parts per million and a and — are con- 
n 

stants. If we assume that n=5 and 
a—0.175 in the curve for pH of 6.0, 
it will give a curve almost exactly the 
same as the one shown. Each curve 
will have different constants. In com- 
menting at length on the work of these 
authors, especially that of Miller, it is 
not intended to convey the impression 
that the work is inaccurate and of no 
value. Their data are very valuable, 
and it is merely a difference of opinion 
as to the interpretation of the data. 
Buswell® and Weiser’ came to the same 
conclusions as the writer in regard to 
the interpretation of Miller’s data. 


Precipitation of Hydrous Ferric Ox- 
ide.—The precipitates formed by add- 
ing iron compounds to water are very 
much like those of the aluminum com- 
pounds. Most iron used in water treat- 
ment heretofore has been the ferrous 
sulfate. The first reaction of this com- 
pound with the water is to form fer- 
rous hydroxide, which is oxidized to 


®The Chemistry of Water and Sewage Treat- 
ment, p. 168, The Chemical Catalog Co., 1928. 

'The Hydrous Oxides, p. 127, McGraw-Hill 
Book Co., 1926. 
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hydrous ferric oxide by the dissolved 
oxygen of the water. Recently ferric 
salts have been used to a limited ex- 
tent in water treatment. Ferrous sul- 
fate may be converted to ferric sulfate 
and ferric chloride by the addition of 
chlorine to a solution of ferrous sul- 
fate, or ferric chloride may be used 
direct. 

When ferrous sulfate is used it is 
necessary to have the water alkaline, 
with pH above about 8.5, to get fairly 
quick precipitation of the iron. With 
ferric salts good results are obtained 
within the pH range of 5.0 to 10.5. In 
fact, precipitates are obtained slightly 
beyond this range on the acid side, and 
there may be no limit on the alkaline 
side. Miller® also studied the precipi- 
tates formed from the iron compounds 
and came to the conclusion that hy- 
drous ferric oxide was very much like 
that of hydrous aluminum oxide. When 
sulfate of iron was used, sulfates were 
precipitated with the hydrous oxide the 
same as with the aluminum. The 
washed precipitate was found to be 
practically free from sulfate at a pH of 
7.7 or above, which is somewhat lower 
than the pH at which no sulfates are 
found in the aluminum precipitate. 
Also there was not as much sulfate 
adsorbed by the iron as with the alu- 
minum at lower pH values. From this 
we might conclude that no sulfate is 
precipitated with or adsorbed by the 
hydrous ferric oxide when lime is used 
with the treatment. 


There is every indication that the 
structure of the gelatinous precipitate 
of hydrous ferric oxide is very much 
like that of the aluminum precipitate. 
Very likely the fibrous formation is 
similar to that shown in Fig. 2, al- 
though the fibers are very much 
smaller. With the precipitate formed 
in alkaline water, as is the customary 
practice for ferrous sulfate, not much 
value is obtained from the iron as an 
adsorbing agent. Ferric salts give 
good precipitates at low pH values and 
adsorption may be made a factor. 
When ferric chloride is used it seems 
probable that the monovalent (Cl)- 
ion may be replaced by certain nega- 
tive organic ions, and that it would be 
more effective than hydrous aluminum 
oxide for removing certain compounds 
from water. 


Aid of Coagulants in Removing Ob- 
jectionable Substances From Water.— 
The uses of coagulants in water treat- 
ment are to remove turbidity, color, 
bacteria and microdrganisms—in fact, 
we might say, all material that keeps 
the water from being perfectly clear. 
The removal of turbidity and micro- 
organisms is almost entirely mechan- 
ical, but the removal of color may be 
largely by adsorption, in which case 
the pH and also the concentration and 
kind of negative ions will play an im- 
portant part as to the amount of color 
that will be adsorbed. Most turbid wa- 


: 8 Public Health Reports, 40: 27, 1413-19, 
July 3, 1925. 
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ters contain very little suspended mat- 
ter with an electrical charge so high as 
to obstruct coagulation, and while cata- 
phoresis tests may indicate that the 
particles are positively or negatively 
charged, this is of minor consequence. 
These statements do not apply to color 
except where the particles of color are 
large enough to be removed mechan- 
ically, nor to certain compounds that 
may occasionally be present in some 
waters. Most of the suspended parti- 
cles that produce turbidity in water are 
fairly large compared to the minimum 
size of solid particles that might be 
produced. 

If the gelatinous precipitates of the 
hydrous oxides of iron and aluminum 
are somewhat as represented in Fig. 2, 
and there is every indication that they 
are, it is easy to see how suspended 
particles 0.5 micron in diameter or 
larger are entrapped in the coagulant. 
In most turbid waters there are very 
few suspended particles less than one 
micron in diameter. Should any of the 
particles possess an electrical charge 
that favors their being drawn to the 
precipitate, so much the better; but if 
they possess a charge the same as that 
of the coagulant they will be entrapped 
just the same, so we need not give the 
matter of electrical charge little con- 
cern in most waters. If the negative 
ions reduce the charge on positive par- 
ticles of the coagulant so they may 
coalesce, then they would reduce the 
charge on any other positively charged 
particles that happen to be in the wa- 
ter, and while the particles probably 
will not coalesce they will not repel the 
coagulant to the extent that the par- 
ticles cannot be entrapped. 


There are a few conditions where the 
water receives pollution of a certain 
nature that produces turbidity which is 
difficult to remove. In these cases the 
difficulty probably is due more to the 
number of extremely finely divided par- 
ticles than to their charge. This is not 
saying that compounds cannot be added 
to water that prevent or retard coagu- 
lation, but such compounds do not get 
into our water supplies so frequently 
as to be of major consequence except 
in very few cases. 


Has Research Work on Coagulation 
Been of Practical Value?—Very likely 
the reader is now wondering what dif- 
ference it makes if the negative ions 
are adsorbed or if they are in solid 
solution in the precipitate, or whether 
the precipitate is amorphous or crys- 
talline. So far as is known it does not 
make any material difference when pre- 
cipitates are produced from compounds 
in solution, but if we were adding 
hydrous aluminum oxide or hydrous 
ferric oxide to water instead of alu- 
minum sulfate or ferrous sulfate, it 
might make some difference in the re- 
moval of certain compounds. We know 
there is no difficulty in nearly all in- 
stances in obtaining good precipitates 
in water treatment where the pH is be- 
tween 6.0 and 8.0 for aluminum sulfate, 
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&.5 to 10.5 for ferrous sulfate and 5.0 
to 10.5 for ferric salts. 

The water purification chemist or en- 
gineer is more concerned with the 
quickness with which precipitates form, 
their strength and their effectiveness in 
removing certain constituents from wa- 
ter, than the chemical composition of 
the precipitate. The composition of the 
precipitate, however, is giving some in- 
formation of what happens when pre- 
cipitation takes place, and when under- 
stood more thoroughly it may enable us 
to use certain materials to better ad- 
vantage. We should not dismiss the 
chemical characteristics of the precipi- 
tates and their structural formation as 
of little importance just because we 
cannot at the present time show the 
relative values of the constituents and 
the exact manner in which the solid 
portions are held together. 

It may be found that the adsorption 
of negative ions by the precipitates is 
without practical significance in most 
waters, and we know that it is for 
some waters, for it is just as easy to 
clarify the Great Lakes water at a 
pH of 8.0 with a very small amount of 
aluminum sulfate as it is some of the 
other waters at a pH of 6.0 Very little 
or no sulfate is adsorbed at a pH of 
8.0, whereas at a pH of 6.0 the curve 
in Fig. 6 indicates that about 0.3 grams 
of SO, is absorbed per gram of Al in 
the hydrous oxide when 40 to 50 p.p.m. 
of aluminum sulfate are used. 

If research work on coagulation has 
not been of practical value to many 
filtration plants, it has been to those 
handling water difficult to coagulate. 
It has shown in some instances that 
it is advantageous to take the water 
out of the bounds of what would be 
considered a satisfactory water to ac- 
complish a certain thing and then to 
bring it back to a satisfactory water 
by additional chemical treatment. 





Water Problems Discussed 


at “Question Box” 


Problems of interest to water-works 
officials and engineers were discussed 
through the medium of a “question 
box” at the Hamilton, Ont., meeting of 
the Canadian section of the American 
Water Works Association. Questions, 
submitted by members and incorporated 
in a printed questionnaire, and replies 
are given below: 

1. Who makes repairs to services on 
private property where water works 
have installed service in the first in- 
stance? In reply to this question, T. 
Hodkinson, of London, Ont., said that 
in his city the utilities commission lays 
the service 20 ft. inside the property 
line and keeps it in repair for one year. 
After that the property owner has to 
undertake repairs or pay the utility 
commission to do the work. M. 
Pequegnat, of Kitchener, Ont., said that 
the owner was notified of leaks and 
asked to have repairs made. In Shaw- 
inigan Falls the repairs are made and 
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paid for by the owner. The practice in 
St. Thomas is to have repairs made by 
the corporation and charged against the 
owner. 


2. Has there been any serious ob- 
jection to the assessment of water 
mains against frontage? W. C. Smith, 
of Oshawa, pointed out that the whole 
matter of assessments is before the 
courts, while other members explained 
the various methods of assessment em- 
ployed in their respective communities. 
In St. Thomas mains are not charged 
against property but are considered as 
part of the water-works system. In 
Winnipeg they are charged against cap- 
ital, in addition to which a 4 ct. per 
foot frontage tax is charged in per- 
petuity. Kitchener’s practice is for the 
water commission to pay in cash for 
flankage and intersection exemptions 
and for the city’s share in parks, etc. 
A frontage assessment applies to pri- 
vate property. In Etobicoke township 
flankages are exempted for 100 ft., 
while according to a recent county 
judge’s ruling, one-third of the flank- 
age is exempted up to 120 ft. maximum. 


3. When a customer complains of 
“poor pressure” how do you investi- 
gate? What criterion do you use for 
“good pressure?” W. C. Miller, an- 
swering this inquiry, said that he used 
a %-in. orifice with pressure gauge 
which is screwed on the service in the 
basement. If the pressure is 28 to 30 
lb. it is considered sufficient. Alex 
Milne, of St. Catharines, thought that 
this pressure was too low. He uses a 
similar method of test but considers 45 
lb. as the proper pressure. 


4. In case of an admitted leak on a 
metered service, do you make any ad- 
justment in the bill? In Chatham, 
Ont., rebates are refused unless the 
commission’s officials were shown to be 
responsible for the leakage. 

5. If a meter reader calls and the 
occupant is not home, shouid the house- 
holder be permitted to read the meter? 
Various practices were disclosed in the 
discussion on this subject. In some 
cases cards are left asking the owner 
to notify the water department when a 
meter reader may call. In others, the 
owner is asked to read the meter, while 
in still other instances, an estimate is 
made and a reading taken at the next 
regular reading period. The consensus 
was that the owner should not be al- 
lowed to read the meter. 


6. What new maintenance equipment 
devices do you use to meet emergen- 
cies? The only piece of equipment 
mentioned was the air-operated paving 
breaker, 


7. Have you used oak valve boxes, 
and, if so, do you find the frost forces 
the box down on the valve, causing 
damage to the pipe? T. H. Hooper, of 
Winnipeg, reported that this was the 
experience in Winnipeg. Sudbury had 
also had trouble in this direction, but 
since adopting telescopic iron valve 
boxes had not been bothered with frost. 
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8. Have you used copper service 
pipe for services, and, if so, what has 
been your experience; also what sizes 
of pipe have you used? Winnipeg is 
now using copper exclusively, having 
had no trouble with that type of pipe 
in the seven years since the first cop- 
per service was installed. R. H. Mar- 
tindale, of Sudbury, said that his ex- 
perience was the same. In reply to a 
question he said that no harm was done 
to copper by electrical methods of 
thawing. Another question asked about 
copper service pipes was if it was the 
general practice to carry them right 
into the house. From the replies it 
appeared that usually copper pipe is 
carried to the street line only. It will 
be taken into the house in many cases 
if a special request is made. 

9. What system do you adopt re- 
garding winter inspection of hydrants? 
Winnipeg’s practice in this regard is 
to divide the city into zones and inspect 
daily in the downtown zone, and less 
frequently toward the suburbs. After 
a hydrant is used, it is inspected and 
repacked. In Sudbury, daily inspection 
is carried out, with a special inspection 
after a fire. 

10. What system do you adopt re- 
garding inspection of valves? One 
superintendent reported that valves on 
trunk mains are inspected and operated 
twice a year. In Sudbury an endeavor 
is made to inspect valves yearly. 


11. Are contractors and others per- 
mitted to use fire hydrants for construc- 
tion purposes, and under what condi- 
tions? What is the result of your ex- 
perience where hydrants are so used? 
The general opinion was that hydrants 
should not be used by contractors, but 
should be operated only by water-works 
employees. 


12. What proportion of the cost of 
replacing broken hydrants is charged 
to automobile drivers, and how do you 
collect this account? What means, if 
any, are adopted to protect fire hy- 
drants from being damaged or broken 
by automobiles or trucks? The discus- 
sion on this question showed that the 
general policy is to charge the auto- 
mobile drivers with the full costs of 
repairs. One method of protection that 
was advocated was the use of a 5 or 
6-in. wrought-iron pipe buried in front 
of the hydrant. 





Allowance for Swell in Scow 


Measurement 


In the opinion of a special Committee 
on Rivers and Harbors of the American 
Railway Engineering Association, a 
fair allowance for swell in scow meas- 
urement of excavation by dredging, 
where measurements by soundings are 
impossible, may be as follows: 

Hardpan and sand, 0 to 5 per cent, 

Sand and gravel, 5 to 10 per cent, 

Clay and hardpan, 10 to 20 per cent, 

Ledge, clay or stiff mud, a maximum 
of 30 per cent. 











The Use of Chlorine in Water Purification 


Development of Chlorination for the Protection of Public Water Supplies—Importance of Continuous, 
Controlled Chlorination—Operating Records—Prechlorination and Preammoniation 


LTHOUGH introduced primarily as 

a health measure—and still car- 

ried out as such—chlorination has been 

shown to have also a very definite eco- 

nomic value in the water-works and 

other sanitary fields. Today it is one 

of the best developed and carefully con- 
trolled phases of water purification. 

Some idea of the importance and ex- 
tent of chlorination may be obtained 
from the fact that in the United States 
alone, approximately 50,000,000 people 
drink chlorinated water. Over 82 per 
cent of all public water supplied in this 
country is chlorinated. 

A high percentage of these supplies 
are of surface origin. It was only to 
be expected that these supplies would 
be the first to receive the attention of 
health and water-works officials, for 
they were practically all polluted or 
subject to pollution of a serious char- 
acter. 

The progress in chlorination of well 
supplies for health protection has been 
relatively slow. As a matter of fact, 
under existing conditions, with the 
strict supervision and high caliber of 
technical control over the purification 
of surface supplies—in spite of their 
known pollution—the product as de- 
delivered to the public, in many states 
is superior in quality to and may be 
considered a lesser public health risk 
than many well-water supplies in the 
same sections which are receiving no 
treatment and little supervision. In 
treating a surface supply the degree of 
contamination can be closely deter- 
mined and the purification treatment 
controlled accordingly. With well sup- 
plies, especially of the shallow type, the 
degree of pollutional risk is unknown 
and serious contamination may develop 
when least expected. 

The contamination of public water 
supplies from wells is, however, re- 
ceiving more attention from health offi- 
cials now than ever before. In a re- 
cent paper before the Missouri Valley 
section of the American Water Works 
Association, R. E. Lawrence, sanitary 
engineer with the Kansas State Board 
of Health, strongly emphasized the need 
for sterilizing well-water supplies. He 
shows that in Kansas the number of 
public water supplies from underground 
sources which meet the Treasury De- 
partment standards for safe water has 
decreased from year to year. Less 
than 1 per cent of these supplies have 
perfect records for eight or nine years. 

The general recession of ground- 
water levels in the middle west is a 
serious water-supply and health matter. 


By ARTHUR E. GORMAN 
Wallace & Tiernan Co., Inc., Newark, N. J. 


As underground sources decrease in 
available supply, the more inferior the 
water is likely to be. As wells go dry 
and become abandoned, a serious sani- 
tary condition arises, for an abandoned 
well is a public health menace in a sec- 
tion where water is obtained from well 
supplies. Witness the recent typhoid 
epidemic at Fond du Lac, Wis., where 
1,000 cases of dysentery, 50 cases of 
typhoid and 4 deaths resulted from 
pollution of the public water supply by 
grossly polluted river water entering 
an abandoned well. Some of the most 
serious waterborne typhoid fever epi- 
demics of recent years have been caused 
by underground pollution of well-water 
supplies; viz., at Olean, N. Y.; Santa 
Ana, Calif., and Fond du Lac, Wis. 
Proper chlorination in any of these 
cases would undoubtedly have prevent- 
ed sickness. 

Corrosion, pitting or cracking of weli 
casings, thus permitting surface water 
to leak into the well cavity of public 
water supplies, is a serious health 
problem. The facts obtained from a 
most thorough sanitary survey of a 
well from the surface cannot be de- 
pended upon to predict the quality of 
the water to be obtained from the well. 
In drilling a well pollution from sur- 
face source cannot be avoided. The 
better organized water departments are 
accepting chlorination of their well sup- 
plies as a justifiable health measure 
and a legal factor of safety well worth 
the investment. 

Chlorination Policies—In the two 
decades which have passed since chlori- 
nation of public water supplies. was 
first introduced as a health measure, 
we have seen remarkable developments 
in methods, equipment and general 
policies concerning chlorination. Out 
of these years of experience, experi- 
ment and intelligent supervision have 
crystallized certain practices and poli- 
cies well worth the consideration of all 
water-works and health officials. 

Perhaps the most important develop- 
ment from the health viewpoint has 
been the universally wide acceptance 
of the doctrine that chlorination, where 
necessary as a health measure, must 
be a continuous process. This has come 
from several causes: serious outbreaks 
of waterborne diseases because of in- 
termittent or interrupted chlorination, 
the patient and persuasive policy of 
public health engineers and the accept- 
ance—after ample proof—on the part 
of water-works officials that intelligent 
chlorination is one of the best auxili- 
aries in modern water-works practice. 
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The attitude of leading water-work« 
officials toward the doctrine of continu 
ous chlorination is reflected in dupli- 
cate chlorinators and duplicate chlori- 
nation equipment at the better equipped 
plants. Today specifications for new or 
remodeled water works almost always 
call for duplicate chlorinator equipment 
throughout. 


A logical second development in 
chlorination as a health measure was 
the growth of the policy of controlled 
chlorination. Supported with ample 
evidence of the value of chlorine in 
killing disease organisms in public wa- 
ter supplies, health and water-works 
officials saw the need of and sought 
for a quantitative measurement of the 
effectiveness of chlorination of specific 
waters. They wanted proof that a cer- 
tain quantity of chlorine applied to a 
contaminated water was assurance of 
health protection. Of course, they had 
this in the results of bacteriological 
analysis of the treated water, if made. 
But this proof was difficult for the 
smaller plants to obtain. It was not 
available in less than 24 hours and usu- 
ally could not be had until the second 
day after chlorination. The ortho- 
tolidin test for residual chlorine brought 
out by Ellms and Hauser and the de- 
velopment by Enslow and Wolman of 
a practical operating technic for plant 
control of chlorination based on resid- 
ual tests gave controlled chlorination a 
real and effective beginning. Now we 
find practically every water-works plant 
applying chlorine on a scientific and in- 
telligent basis, regulating the dosage 
to carry a prescribed residual chlorine 
content five or ten minutes after ap- 
plication and knowing in advance that 
this practice assures effective steriliza- 
tion. 

With the establishment and accept- 
ance of the policy of controlled chlori- 
nation of public water supplies, typhoid 
fever rates in American states and 
provinces began to decline rapidly. 
Twenty years ago it was only the most 
optimistic health officer who dared pre- 
dict a typhoid death rate for our large 
cities of less than 5.0 per 100,000 popu- 
lation. In 1928 there were nine cities 
in which no typhoid fever deaths were 
reported. Sixteen had rates of under 
1.0 and twenty other rates under 2.0. 
Among these are such cities as Chi- 
cago, New York, Philadelphia, Detroit 
and Cleveland. 

A third and orderly outgrowth of 


continuous and controlled chlorination 
is the keeping of accurate operating 
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records. In many of the large water 
purification plants it had been custom- 
ary to keep careful and accurate oper- 
aiing records. Routine chlorination 
records were, therefore, kept as a mat- 
ter of policy. This was not generally 
true at the average plant. But the sit- 
uation has changed remarkably. Ac- 
curate records of chlorination are now 
recognized as more than routine oper- 
ating data. They are insurance and 
legal protection—records which should 
be carefully preserved with copies filed 
officially with the state health authori- 
ties. In case of investigation of water- 
borne outbreaks they are of inestimable 
epidemiologic value. They are data 
capable of analysis in establishing op- 
erating principles which may be of sub- 
stantial financial value. 

The increasing demand at the mod- 
ern water works for automatic record- 
ing instruments for power, pumping 
and filtration equipment is extending to 
chlorination. This has come about 
largely through the recognition by the 
water-works executive of the impor- 
tance of continuous chlorination records 
to himself, his company and health offi- 
cials. Through automatic recording 
weighing scales giving a continuous 
record of the rate of withdrawal of 
chlorine from containers, this demand 
is being partially satisfied at present. 
Experimental operation during the past 
year of equipment for automatically 
recording and controlling the residual 
chlorine in treated water was very 
promising. When such equipment is 
available continuous and _ controlled 
chlorination will be an established fact 
quite independent of human error and 
producing accurate operating records. 

Chlorination Practices——While chlo- 
rination policies have been molded 
through experience into well estab- 
lished channels, chlorination practices 
have been of a most varied nature. In 
the earlier days chlorination was used 
almost entirely as a final treatment in 
water purification—as a factor of 
safety. Today we find chlorination 
used in all stages of water treatment 
and even in the distribution system af- 
ter the finished product has left the 
purification plant. 

The application of chlorine at two or 
more points in a water-works system 
is a good practice which is becoming 
widely accepted. By splitting the chlo- 
rine dosage, it lessens the liability of 
interruption in chlorination, reduces 
the possibility of tastes and frequently 
improves the efficiency of other treat- 
ment processes—such as algae control, 
color removal and coagulation. The 
policy of the Indiana State Board of 
Health in recommending split chlorina- 
tion with a small final application in 
the distributing pumps is an excellent 
one. 


Prechlorination.—Prechlorination has 
undoubtedly been the most important 
development in chlorination since the 
introduction of this chemical as a 
health measure 20 years ago. By pre- 
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chlorination is meant the application of 
chlorine to the raw water usually ahead 
of coagulation or filtration. It was 
first tried about 10 years ago and be- 
cause of its proved economic value has 
been widely adopted. It is conserva- 
tively estimated that over 200 cities 
in America practice prechlorination for 
one purpose or another. With a heav- 
ily polluted raw water, prechlorination 
will effect a marked reduction in bac- 
terial loading on filters, permitting 
them to be operated at uniformly eco- 
nomical rates. H. W. Streeter, sani- 
tary engineer, U. S. Public Health 
Service, in a paper read before the 
Public Health Engineering section, 
American Public Health Association, at 
Minneapolis, in September, 1929, re- 
ports that a series of tests conducted 
by the service shows that the maximum 
raw-water B. coli index consistent with 
producing a final (rechlorinated) efflu- 
ent conforming to the U. S. Treasury 
Standard could be increased from 
10,000 per 100 cc. without prechlorina- 
tion to about 25,000 per 100 cc. with 
prechlorination. 

Prechlorination of water for both 
slow and rapid sand filtration will per- 
mit marked increases in filter runs. 
This means a saving in labor and wash 
water as well as better operation to 
meet peak demands on the plant. Sub- 
stantial savings in coagulants, effective 
color removal and elimination of trou- 
blesome microscopic growths in basins 
and reaction chambers are among the 
more important economic and operating 
values of prechlorination. The quan- 
tity of chlorine to be applied will, of 
course, depend on the quality of water 
to be treated. For best results, enough 
chlorine should be applied to carry from 
0.25 to 0.5 p.p.m. residual chlorine in 
the water. 

Algae Control.—Algae control is an- 
other valuable economic service which 
chlorination gives to the water-works 
operator. Tastes and odors due to mic- 
rodrganisms in water are experienced 
at most plants and are a serious source 
of operating difficulties and consumer 
complaints. The quantity of chlorine 
used will depend on the number of 
types of organisms present. Obviously 
it is more economical and satisfactory 
to use chlorine to control the growth 
of microscopic organisms in water than 
to try to eliminate them after they have 
developed in larger numbers. There- 
fore the water-works official will do 
well to make simple microscopic counts 
of algae appearing in their water sup- 
ply and govern the use of chlorine ac- 
cordingly. 

The usual taste-producing forms such 
as asterionella, tabellaria, synedra, 
melosira, synura, dinobryon, uroglena 
and aphanizomenon can be controlled 
by using from 0.5 to 1.0 p.p.m. of chlo- 
rine with residuals of from 0.2 to 0.5 
p.p.m. Hale, of the New York Water 
Department, in a recent paper read be- 
fore the New England Water Works 
Association, reports that chlorination 
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of the Catskill aqueduct waters has re- 
duced the annual tonnage of copper 
sulphate used for algae control from 
38 to 53 and has shortened the time 
of treatment from a yearly average of 
5 to 3% months. 

Crenothrix and beggiatoa growths in 
mains and basins have been controlled 
by chlorine using 0.75 to 1.25 p.p.m. 
chlorine with residuals of from 0.3 to 
0.7 p.p.m. 

Chlorination will also kill larger mi- 
croscopic forms such as small crustacea 
and nematodes. Cyclops and daphnia 
can be killed in less than 30 minutes 
with a dosage of about 1.0 p.p.m. chlo- 
rine. Nematodes or tiny worms which 
occasionally appear in water reservoirs 
have been killed using from 3.0 to 5.0 
p.p.m. chlorine. 

Preammoniation.—In the recent 
months there has developed a wide- 
spread interest among water-works 
officials in the use of ammonia and 
ammonia compounds in conjunction 
with chlorine to eliminate objectionable 
tastes in water. Tastes may be from 
three sources: 

1. Chloro-phenol tastes usually re- 
sulting from pollution of the wa- 
ter by by-product coke plant 
wastes such as phenols, cresols, 
etc., and their combination with 
chlorine used for disinfection to 
cause highly objectionable “car- 
bolic acid” tastes. 

2. Mild but objectionable “iodoform” 
or medicinal tastes are due to 
phenol derivatives of one sort or 
another which are absorbed by 
the water and combined with the 
chlorine. These may be extracts 
from the roots or leaves of plants 
or trees on the watershed or in 
the reservoirs. 


3. Typical chlorination tastes due to 

excessive use of chlorines 

McAmis, of Greenville, Tenn., and 
Spaulding, of Springfield, Ill., report 
excellent results in eliminating chloro- 
phenol tastes by preammomiation. M. 
H. Braidech, of Cleveland, O., has car- 
ried out a very careful set of experi- 
ments on ammonia-chlorine treatment 
of water polluted with various concen- 
trations of phenol and reports remark- 
able results in taste elimination. As 
high as 1.0 p.p.m. of phenol in Cleve- 
land water produced no perceptible 
tastes when the water was treated with 
0.5 p.p.m. ammonia and 0.3 to 0.5 
p.p.m. chlorine, 

The recent work on the ammonia- 
chlorine treatment of water both in 
this country and in Europe is most 
promising for taste prevention. The 
products formed by this combined 
treatment are chloramines. It appears 
important that the ammonia be added 
prior to the chlorine, also that the water 
treated be alkaline or nearly so in re- 
action, for chloramines apparently de- 
compose in acid solutions and thus lose 
their stability and sterilizing powers. 

Chloramines are said to have a bac- 
terial effectiveness of over three times 
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of that of chlorine. However, their 
sterilizing action is slower but longer 
active. They are more stable than 
chlorine and apparently obtain their 
greater sterilizing powers from the 
fact that the chlorine in chloramines 
is not available for oxidation of organic 
matter and is therefore not quickly ab- 
sorbed as is the case with chlorine. 

Braidech applied 0.25 p.p.m. ammonia 
and 0.5 p.p.m chlorine with a ten- 
minute mixing period and two hours’ 
detention and obtained excellent re- 
sults with highly polluted water. In 
European practice the proportion of 
ammonia to chlorine has varied in the 
ratios 1:1, 1:2, 1:4 and 1:8. It is the 
writer’s opinion that before the am- 
monia-chlorine process is introduced 
widely in American water-works prac- 
tice, health authorities and water- 
works officials will want to learn 
considerably more of its value and effec- 
tiveness than is now known. Fortu- 
nately, important experimental work is 
being planned at Philadelphia, Erie 
and Lancaster, Pa.; Warren, Defiance, 
East Liverpool and Cleveland, O.; Bur- 
lington, N. J., and Springfield, Il. 

The economical and effective ratios 
of ammonia to chlorine, the proper time 
interval between application of chemi- 
cals, the effect of pH, the delay in and 
retention of sterilizing action, the best 
method of application and control of 
ammonia and comparative costs are all 
data very much in need of careful at- 
tention and checking before this new 
process is widely accepted, promising 
as it appears now. 

The elimination of taste in chlori- 
nated water has been successful by sev- 
eral other methods, but none has been 
adopted widely nor at this time gives 
as much promise of practical success 
as the ammonia-chlorine treatment. 
Super-chlorination and de-chlorination 
using sulphur dioxide has been suc- 
cessful at Toronto under the able direc- 
tion of Howard. Toronto uses the 
super-chlorination process to eliminate 
chloro-phenol tastes when they occur, 
which is something over 150 days in a 
year. De-chlorination using sodium 
thiosulphate has been used some 
abroad, but in only a few places in this 
country. Permanganate-chlorine treat- 
ment has been used succesfully by 
Caird at Charlotte and Troy, N. Y., 
and by Harrison at Bay City. 

The use of activated carbon for re- 
moving tastes in chlorinated water has 
received considerable attention during 
the last two years. Baylis of Chicago 
considers super-chlorination and de- 
chlorination by activated carbon to 
have excellent economic possibilities in 
water purification where the water to 
be treated is highly polluted—super- 
chlorination for bacterial reduction and 
removal of the chlorine and taste-pro- 
ducing chlorine products by passing the 
water through activated carbon filters. 
Cleveland, after considerable investiga- 
tion of super-chlorination and activated 
carbon treatment, has gone over to ex- 
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periments with ammonia-chlorine treat- 
ment for taste elimination as being the 
more practical for their conditions. 

The absorption properties of acti- 
vated carbon are remarkable and al- 
though the indications are that for 
larger-scale treatment the cost may be 
high, the process is worthy of much 
careful study, especially for smaller 
water plants. Baylis would first filter 
the treated water through sand filters 
and through activated carbon by up- 
ward filtration. 

Main Sterilization.—In recent years 
more attention has been given to the 
quality of water in the distribution sys- 
tem than ever before. Water-works 
and health officials realize that from 
the consumer and public health view- 
point it is the water at the top which 
counts and not the water entering or 
in the clear well at the purification 
works. Carrying a slight residual 
chlorine in the distribution system of a 
water works has many advantages. It 
will help control bacterial after- 
growths; will give protection against 
possible contamination of the system 
by minor cross connections, of which 
type there are usually many known 
and unknown in every water works; it 
will control microscopic growths and 
especially the troublesome cronothrix. 

The sterilization of new mains and 
yearly or semi-annual sterilization of 
a water-works distribution sytem is an 
excellent practice. The amount of 
pollution which may enter new mains 
under construction makes it a positive 
health hazard to put them into use for 
distribution of water unless they have 
just been sterilized. 

Once pollution enters a distribution 
system, it is very difficult to eliminate. 
Even though no serious consequences 
result at the time, the system may be- 
come seeded with organisms of pollu- 
tional origin, making future bacterial 
samples from control points in the dis- 
tribution sytem of doubtful value as a 
check on the quality of the water from 
the filtration plant and the existence 
of cross connections. ' 

Many of the large cities, such as 
Chicago, New York, Philadelphia and 
Baltimore, have made it a practice for 
several years to sterilize new mains for 
health protection. The use of liquid 
chlorine applied either as a gas or a 
solution into the main through a cor- 
poration cock is fast replacing the 
early practice of using hypochlorite of 
lime. It has been found more con- 
venient and reliable as the dosage can 
be controlled and the difficulty with 
lime-ash deposits in the system is 
eliminated. 

Perhaps the largest main sterilizing 
project which has ever been attempted 
was carried out last month in steriliz- 
ing the new conduit of the North Jer- 
sey Water Co. from the recently com- 
pleted Wanaque reservoir. This conduit 
from the Wanaque dam to Kearny, 
N. J., is about 25 miles long. It is of 
84-in, steel and concrete with sections 
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of duplicate 72-in. steel pipe. Th» 
chlorine as a solution was applied <2: 
the inlet to the conduit at the dan. 
The flow of the heavily chlorinated wa- 
ter through the new system is checke | 
by making ortho-tolidine tests for fre : 
chlorine at sampling points along th: 
main. Water was wasted into th 
Passaic River through a cutoff until th: 
chlorinated water had passed throug’: 
the entire system. About four day 
were required to sterilize this new sys- 
tem and the results were very satis 
factory. 

Conclusion.—In conclusion it may b« 
said that chlorination has become a 
well established practice in water 
works. Introduced first strictly as a 
health measure, it has come to be one 
of the most helpful auxiliaries in water 
treatment. 


The technic of chlorination has been 
highly perfected. The doctrine of con- 
tinuous and controlled chlorination has 
found wide acceptance. Chlorination is 
now being carried out under technical 
supervision and control and the results 
of operation are being accurately kept 
and intelligently interpreted. They 
are valued as legal evidence of proper 
operation. * 

Chlorination has been found to have 
important economical advantages in 
algae control, improved filter plant effi- 
ciency, reduction of bacterial loading 
and control of troublesome after- 
growths in the distribution system. 


It appears that the objections to 
chlorination due to tastes are likely to 
be overcome by either the activated 
carbon or the ammonia-chlorine treat- 
ment, both of which are now attracting 
wide interest. 

Acknowledgment.—The foregoing pa- 
per was read before the Indiana and 
Southeast sections, American Water 
Works Association, at Lafayette, Ind., 
on March 21 and at Savannah, Ga., on 
April 15. 

—— 


Gulls and the Contamination 


of Reservoirs 


Contamination of the London water 
supply by gulls has been a problem for 
some years. The droppings of gulls, it 
is stated, contain at least a million 
B.coli per gram weight. Studies made 
at London reservoirs disclosed that the 
droppings of two gulls amounted to 157 
grams in 24 hours. This means that 
each gull may contribute from 50 to 
100 million B.coli per day. Biochemical 
investigations showed that no typhoid 
organisms were isolated from 626 
colonies studied. At one reservoir, dur- 
ing the month of January, the surface 
was completely covered with gulls, ren- 
dering the water invisible. The sys- 
tematic firing of guns each evening and 
—when found necessary—at other times 
was found to drive the birds away. The 
presence of the gulls in the reservoirs 
compelled chlorination as a precaution- 
ary measure. 
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Recent Trends and Comparative Costs 
of Sewage Disposal 


Analysis of 48 Sewage Treatment Plants Shows Increasing Use of Mechanical Equipment 


HE marked trend toward the use 

of more mechanical appliances for 
the purpose of improving the efficiency 
of treatment and securing economies in 
land, structures and plant operation is 
perhaps the outstanding characteristic 
shown by a study of some 48 sewage 
treatment plants constructed in this 
country during the period from 1924 to 
1930. 


The purpose of this study was to de- 
termine what trends might be observed 
in general methods of sewage treat- 
ment and the facilities used therein. 
In order to secure an impartial list of 
plants a search was made in seven 
technical publications for plants con- 
structed during the period previously 
referred to. In some articles it was 
apparent that not all of the facilities 
had been described, so a questionnaire 
was sent out showing those stated in 
the article and asking the person ad- 
dressed to indicate any additional facil- 
ities which had been omitted, and also 
the first cost, operating costs, design, 
capacity and population served by the 
plant. Some thirty questionnaires were 
returned. In the letter transmitting 
the questionnaire, its purpose was de- 
scribed and the statement made that if 
the questionnaire was not returned it 
would be assumed that the facilities 
stated thereon were correct. This some- 
what lengthy explanation of the source 
of information for the article has been 
made so that the reader may form his 
own conclusions concerning the accu- 
racy of various portions of the data 
from which conclusions are hereafter 
drawn. 

A list of plants, grouped by year of 
construction, is given in Table I. This 
table shows the facilities for treatment 
in the general sequence which the sew- 
age follows in passing through the 
plant. 


Any comparison of sewage treatment 
plants must be limited necessarily to 
general plant characteristics for the 
reason that local physicai and financial 
conditions may not only govern the se- 
lection of a method of treatment but 
also determine the extent of application 
of the method. A statement of trends 
in treatment processes must be made 
with a full consideration of the impor- 
tant part which these local require- 
ments play in selecting type and extent 
of treatment. For example, the use of 
a rapid sand filter following final set- 
tling facilities would not necessarily 
show a trend in a process, but would 
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probably indicate a local condition 
which makes the addition of such a 
structure desirable. A general move- 
ment toward one process or another, or 
a general substitution or addition of an 
established or newly conceived facility 
for another, was considered in this in- 
vestigation a trend. 

Types of Treatment.—For the pur- 
pose of comparison these plants were 


divided into three groups according to 

types, each plant utilizing a portion or 

all of the facilities given in the follow- 
ing classification: 

Type A.—Screens, grit chambers, Im- 
hoff tanks, gas collection, 
sprinkling filters or contact 
beds, final settling tanks, 
chlorination and sludge dry- 
ing beds. 


Table I 


SEWAGE TREATMENT PACILITIES 
m 


PLANTS CONSTRUCTED 
DURING SIX-YEAR PERIOD 1924 TO 1930 


Data Based On Descriptions in 
National Technical Publications, 
Bulletins, and Questionnaire 
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Type B.—Screens, grit chambers, sin- 
gle-story, plain or mechanical 
primary settling tanks, plain 
or mechanical separate sludge 
digestion tanks, gas collec- 
tion, sprinkling filters, final 
settling tanks, chlorination 
and sludge drying beds. 

Type C.—Screens, grit chambers, plain 
or mechanical primary set- 
tlin tanks, aeration tanks, 
either with compressed air or 
mechanical agitation, final set- 
tling tanks, aeration tanks, 
digestion tanks, chlorination 
and sludge drying facilities. 


The number of plants falling into 
each of the three groups is as follows: 


Type A.—Imhoff tank treat- 
ment, with various 
subsequent facilities 
for treatment 

Type B.—Single-story settling, 
separate sludge di- 
gestion, with various 
subsequent facilities 
for treatment 

Type C.—Activated sludge 
plants, including 
those with Imhoff 
tanks for primary 
settling 


21 plants 


13 plants 


14 plants 


Table II gives the annual percentages 
of types of plants constructed during 
the six-year period. 

It may be noted that the number of 
Imhoff plants reached a peak in 1925, 
exceeded the others for the two ensuing 
years, and then gave place to separate 
sludge digestion and to activated sludge 
types. Activated sludge, however, ex- 
ceeded separate sludge digestion in 1928 
and equaled it in 1929. 


The total number of plants on which 
this table is based is believed to be too 
small to permit accurate conclusions to 
be drawn concerning a trend from one 
general method of sewage treatment to 
another. The figures for 1928 and 1929, 
which include a total of 22 plants, 
would, however, seem to indicate an 
increasing tendency to use separate 
sludge digestion and activated sludge 
in place of Imhoff tanks. 


A comparison of plants by size of 
cities is given in Table III. The com- 
parison is not strictly accurate in that 
the division of populations is on the 
basis of the 1920 census. 

It may be noted that the popularity 
of Imhoff treatment increased with in- 
creasing population during the six-year 





Table II—Annual Percentages of Types of Plants 
Constructed, 1924 to 1929 
Separate 
Sludge 
(Type B) 
Per Cent 
25 
0.0 
12.5 
30 
$3.8 
42.85 


Activated 
Sludge 
(Type C) 
Per Cent 
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Table I1]—Percentages of Type of Plants 
Constructed, 1924-1929, on Basis of 
Population of Cities 
Separate Activated Total 
Imhoff Sludge Sludge No. 
(Type A) (Type B) (Type C) of 
1920 Per Cent Per Cent Per Cent Pits. 
Below 10,000 28.6 28.6 42.8 14 
10,000 to 100,000 46.4 32.2 21.4 28 
Above 100,000 66.7 0.0 83.3 6 


Population 





period, reaching a proportion of two 
out of three in cities having popula- 
tions exceeding 100,000. Separate sludge 
digestion (Type B plants) does not ap- 
pear in the table in cities exceeding 
100,009 population, but its popularity 
is indicated in cities of lesser size. It 
is interesting to observe that activated 
sludge is used in 42.8 per cent of those 
cities having a population less than 
10,000; and that the percentage of 
plants in those cities falling between 
populations of 10,000 to 100,000 is 21.4 
per cent, or approximately one-half of 
the percentage in the first group. For 
cities exceeding 100,000, however, the 


May 


percentage increased to a proportion 
of one in three. 

An examination of Tables I, II and 
III brings out a number of interesting 
facts which serve to establish several 
trends in the various steps in the treat- 
ment processes, to which reference is 
made in the following paragraphs: 

Bar Screens, Incinerators, Grit Cham- 
bers, Skimming Tanks.—The inclusion 
of bar screens in 40 plants points to 
their usefulness in keeping large solids 
and coarse débris from the mechanical 
equipment in the plant. In several re- 
cent installations mechanical cleaning 
devices have been provided. It is of 
interest to note that only two of the 
plants are using fine screens. Both 
of these plants are of the activated 
sludge type. 

Incinerators for screenings have been 
provided in eight plants, one of which 
reported discontinuing the use of this 
facility. This arrangement simplifies 
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the problem of disposing of the screen- 
ings and obviates the difficulties which 
oveur with other methods of disposal. 
Of the eight plants having incinerators, 
three have made provisions for sewage 
gas firing. 

More than half of the plants, 26 out 
of 48, have grit chambers. Fifty-two 
per cent of the Imhoff plants, 54 per 
cent of the separate sludge digestion 
plants and 57 per cent of the activated 
sludge plants have this facility. Me- 
chanical equipment for cleaning these 
chambers has been used in only three 
installations. It is not clear whether 
this is due to a lack of necessity for 
such equipment or to its comparatively 
recent introduction. In general, grit 
chambers are not used to any extent 
in connection with separate sewer sys- 
tems, 

Skimming tanks are usually provided 
for sewages with a high content of 
domestic grease, industrial oily wastes 
or other floating materials which either 
interfere with the treatment process or 
are unsatisfactorily carried off with the 
plant effluent. It may be observed that 
those cities reporting the use of detri- 
tus and skimming tanks have a popula- 
tion exceeding 38,000. Sewages from 
cities of such populations would nor- 
mally be expected to contain more of 
these objectionable wastes than the 
sewages from smaller cities. Clarifiers 
or thickeners in settling tanks are 
sometimes equipped with mechanical 
skimming devices which eliminate the 
need for separate skimming tanks, es- 
pecially where the grease and oil con- 
tent is small. 

Imhoff Tank Treatment.—It may be 
noted that while the number of plants 
using Imhoff tanks in the treatment 
process exceeds either of the other two 
types—21 as against 14 activated 
sludge and 13 separate sludge digestion 
plants—their construction has decreased 
sharply since 1927. Only five Imhoff 
tanks have been installed since 1927 
and one of these is for primary set- 
tling in an activated sludge plant. This 
may be due to a general acceptance 
of the activated sludge treatment and 
primary settling with separate sludge 
digestion as more satisfactory methods 
of treatment. Gas can be collected in 
a much more simple manner from sep- 
arate sludge digestion tanks than from 
Imhoff tanks. Out of ten plants re- 
porting facilities for gas collection, two 
have Imhoff tanks, one plant taking the 
gas from its Imhoffs and the other 
from separate sludge digestion tanks. 
The latter is an activated sludge plant 
in which the Imhoff tanks are used for 
primary settling. 

Primary Settling, Separate Sludge 
Digestion.—Primary settling with sep- 
arate sludge digestion is represented 
by 18 plants. In these plants all of 
the primary settling tanks are provided 
with mechanical thickeners, with two 
exceptions, one built in 1924 and an- 
other very small plant constructed in 
1928. Separate sludge digestion tanks, 
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on the other hand, have not been so 
extensively provided with mechanical 
equipment, although the tendency has 
been markedly in that direction since 
1927. No plain separate sludge diges- 
tion tanks appear on the table for the 
past year. 

Separate sludge digestion tanks in 
conjunction with Imhoff tanks have 
been used in one plant out of the 48 
and that in connection with activated 
sludge treatment together with sludge 
drying beds. In general, separate 
sludge digestion tanks with Imhoffs are 
used to remedy operating difficulties 
with Imhoff installations. 

Sprinkling Filters, Contact Beds, 
Final Settling Tanks.—Sprinkling fil- 
ters have been installed in 24 plants 
out of a total of 48, indicating the pop- 
ularity of this method of oxidation and 
stabilization of effluents. These filters 
have not been used in conjunction with 
the activated sludge process. One 
plant, however, uses a rapid sand fil- 
ter following final settling. In view of 
the wide use of sprinkling filters, the 
very small use of contact beds—two 
plants out of the entire list—is evi- 
dence of a general opinion that they 
are not as satisfactory as the latter. 
It must be recognized, however, that 
among the factors which may make the 
use of contact beds desirable under lo- 
cal conditions are the low head re- 
quirements which may eliminate the 
need for pumping, their effectiveness 
in handling small and varying flows 
and the elimination of odors and flies. 

The use of final settling tanks fol- 
lowing filters or contact beds is shown 
to be a desirable practice. Eighteen 
out of the 26 Imhoff and separate 
sludge digestion plants (Types A and 
B) having sprinkling filters or contact 
beds are provided with these tanks. 
The need for this arrangement, of 
course, is influenced by the amount and 
character of diluting water into which 
the plant effluent will be discharged. 
Final settling tanks in the activated 
sludge process, however, serve another 
purpose and are therefore discussed in 
connection with that process. 

Activated Sludge Process.—Of the 
14 activated sludge plants appearing in 
Table I, 11 use compressed air agita- 
tion and 3 use direct mechanical agita- 
tion for the oxidation of the sewage. 
Mechanical agitation appears thus far 
to have been limited to those plants 
serving relatively small populations. It 
is interesting to note the marked 
change from Imhoff installations to ac- 
tivated sludge and separate sludge di- 
gestion (Types C and B) beginning 
with the year 1928. During the last 
two years seven of the compressed air 
agitation plants and all of the mechani- 
cal agitation plants have been con- 
structed. There is no evidence that the 
population of the cities using the acti- 
vated sludge method of treatment is a 
guiding influence in the selection of 
this treatment; nor is there anything 
to indicate that the activated sludge 
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process is gaining favor more rapidly 
than primary settling with separate 
sludge digestion followed by sprinkling 
filters. 

With one exception all primary set- 
tling tanks shown in the table as ad- 
juncts of activated sludge plants are 
mechanical equipped for sludge re- 
moval. Two plants use Imhoff tanks 
for primary settling, one of them, al- 
ready referred to under Imhoff treat- 
ment, having separate sludge diges- 
tion tanks in conjunction with it. Plain 
separate sludge digestion tanks are pro- 
vided in seven plants. 

A study of the final settling tanks, 
which are necessary to the activated 
sludge process, demonstrates the de- 
sirability of mechanical equipment for 
the scraping and collection of the 
sludge. No plain final settling tanks 
have been used in any of the activated 
sludge plants listed. . 

Gas Collection—Sewage gas collec- 
tion for the temperature control of 
sludge digestion, for plant heating, 
elimination of odors and other purposes 
is shown to be a valuable facility in 
sewage treatment. The relatively small 
investment in collecting equipment as 
against the value of the gas collected 
makes for a reduction of operating 
charges and an improvement in the 
efficiency of treatment. Eight plants 
out of a total of 22 listed as constructed 
in the past two years have been pro- 
vided with means for gas collection; 
and to 2 plants constructed in 1927 this 
addition has been made recently. None 
of the 26 plants constructed prior to 
1928 reported having this facility origi- 
nally. 


Chlorination.—T he disinfection of 
sewage plant effluents by chlorination 
is provided for in 13 plants, or approxi- 
mately one in every four. While it must 
be recognized that the need for chlori- 
nation is determined by the character 
and function of the diluting water re- 
ceiving the plant effluent, yet the ratio 
of plants providing chlorination seems 
to indicate the desirability of this 
facility. 

Sludge Disposal.—That sludge drying 
on sand beds remains almost a uni- 
versal method of sludge disposal is 
shown by the large number of plants 
provided with this type of facility. 
Forty-five plants out of a total of 48 
report air drying on sand beds. Of the 
three remaining plants, two pump the 
sludge to another plant and one uses 
a mechanical dryer. 

The dehydration of activated sludge 
has been a problem since the inception 
of this method of treatment. Presses 
and sand drying beds have not proved 
entirely satisfactory in many instances. 
Out of the 14 activated sludge plants, 
11 are using sand drying beds: 

The use of hot-house type glass-cov- 
ered beds—five installations in the 
past two years—indicates that this ad- 
junct to drying beds is considered to 
be of merit. 

Plant Costs.—The cost of treatment 
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plants is influenced by many factors 
pertaining to local conditions in addi- 
tion to labor rates, material prices and 
land values. The character and volume 
of the sewage and trade waste to be 
treated, the amount of dilution avail- 
able for the plant effluent, the topog- 
raphy of plant site and its elevation 
relative to the sewerage system, the 
proximity of the plant to water supply 
sources and residential and recreational 
districts, and the geographical loca- 
tion of the city are important factors 
which respectively influence the size 
and type of plant and the necessity for 
pumping, chlorination, filtration and 
other requirements, all of which are re- 
flected in construction costs. It is prob- 
able also that the first costs reported 
for the plants studied in this article 
do not include uniformly the items of 
preliminary costs, land and overheads. 
For all of these reasons it is difficult 
to compare one plant with another, 
either on the basis of unit costs or of 
operating expenses. 

Table IV gives the unit-cost of plants 
per capita or per million gallons daily 
of design capicity, and the operating 
expenses per capita of population 
served. These figures, though not suit- 
able for close comparison, indicate a 
range of unit costs, both of construc- 
tion and operation, for each of the 
three groups of plants. In view of the 
number and size of plants under con- 
sideration and their geographical 
spread, these ranges of cost may indi- 
cate the limits within which many of 
the plants to be constructed in the im- 
mediate future would fall. 


While it is recognized that for a fair 
comparison a unit of plant cost should 
be based upon the total capacity of 
the plant, expressed either in cost per 
million gallons daily capacity or per 
capita of design population, yet the 
cost of a plant per capital of served 
population is of interest. The total in- 
vestment in plants for which popula- 
tion served is known amounts to 
$14,698,642. The total reported popula- 
tion served by these plants is 1,405,700, 
from which the average cost per capita 
served is found to be $10.46. Atten- 
tion is called to the fact that the re- 
ported population served is not to be 
confused with the census population. 


By assuming an average sewage flow 
of 100 gal. per capita per day for 
plants whose design capacity in mil- 
lions of gallons daily only is known, 
and determining therefrom the equiva- 





Table V—Summary of Unit-Costs 


Cost of all plants per million gallons 
daily capacity 

Cost of all plants per. cE capita. ‘of “design 
population 

Cost of Imhoff plants per 
design population 

Cost of activated sludge plants per 
eapita of design population 8. 

Cost of separate sludge digestion 
plants per capita of design popula- 
tion 

Cost of all plants per capita of served 
population 

Cost of annual operation per capita of 
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lent population which these plants can 
serve, we find that provision has been 
made for 2,091,600 persons at a total 
investment of $19,422,642. On the basis 
of the foregoing assumption the aver- 
age unit-cost of all plants per capita 
of ultimate design population is there- 


fore found to be $9.29. Likewise the 
average unit-cost of plant per million 
gallons of plant capacity is $89,542. 
For Imhoff plants the unit cost of plant 
per capita is $10.09; for activated 
sludge plants, $8.56; and for separate 
sludge digestion plants, $6.93. 


The total annual cost of operation, 
exclusive of fixed charges and deprecia- 
tion, of those plants for which the 
served population is given, is $529,839. 
With a total served population of 
1,180,250, the average unit-cost of op- 
eration is $0.45 per capital served. A 
summary of unit-costs.is given in 
Table V. 


Figure 1 is a graphical representa- 
tion of a comparison of unit plant costs 
with corresponding annual per capita 
operating expenses for plants of each 
type for which data were available. 


Trends.—The general trend in sew- 
age treatment on the basis of this 
analysis is toward the use of mechani- 
cal appliances. A large amount of me- 
chanical equipment has been developed 
in recent years, some of it original and 
some of it taken from other industrial 
processes, such as mining, paper mak- 
ing and refining. Much of this equip- 
ment improves the efficiency of treat- 
ment and provides economy of space, 
thereby reducing construction costs. 
Any reduction in manual labor should 
influence the operating costs provided 
that power cost and requirements are 
not excessive. The interest of both 
sanitarians and manufacturers in this 
direction is manifested by the amount 
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f relevant material in the technical 
press. 

The following observed tendencies 
may serve to point out this trend 
toward mechanical appliances: 

1. The use of mechanically raked 
screens. 

The use of sewage-gas-fired in- 
cinerators for screenings and dé- 
bris. 

3. The substitution of mechanically 
cleaned chambers for plain grit 
chambers. 

4. The use of mechanical appliances 
for scraping and concentrating 
sludge in settling and sludge di- 
gestion tanks. 

5. The use of appurtenances for the 
storage and utilization of sewage 
gas. 

6. The use of chlorinating equipment 
for disinfecting plant effluents. 

Several recurring plant features show 
tendencies toward changes or additions 
to treatment methods. Among these 
are: 

1. Plain, single-story settling tanks 
in conjunction with separate 
sludge digestion tanks, used in 
place of Imhoff tanks. 

2. Sprinkling filters used in prefer- 
ence to contact beds. 

3. In the activated sludge process, 
the substitution of equipment pro- 
viding mechanical agitation and 
surface aeration for blower equip- 
ment providing air diffusion. 

4. The use of final settling tanks 
following sprinkling filters. 

5. Provision for the chlorination of 
effluents. 

6. Glass covering of sludge drying 
beds. 

7. Sewage gas collection. 

The trends set forth in this article 
are based upon a study of those plants 
given in the tables and from sources 
of information previously referred to. 
These plants, although only a portion 
of the total number constructed during 
the years studied, are believed to be 
representative in type, location and 
range of capacity and therefore do re- 
flect general trends in sewage treat- 
ment for the six-year period. 


atin, 
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Ontario Sewerage Systems.—In the 
province of Ontario there are now 95 
public sewerage systems supplying a 
population of 1,800,000. Some of these 
systems are comparatively small and 
have been built because extensive treat- 
ment works were not required, while 
others involve many miles of sewers 
with modern disposal works. Forty-six 
sewage disposal plants are now in oper- 
ation and six are under construction, 
and will be ready for operation shortly. 
The following table indicates the vari- 
ous types of plants in use in the 
province: 


bo 





Number Per Cent 
of Plants of Total 


lain sedimentation ..............-....- 18 39 
imhoff tanks and filters.............. 9 20 
\ctivated sludge systems............ 19 41 


TI wcctssccisenserennteel ciccadiniomasunstiocs 46 100 


WATER WORKS AND SEWERAGE 


A. W. W. A. Membership 
Campaign Makes Good 


Progress 

The 1930 membership campaign for 
the American Water Works Associa- 
tion, which got under way officially on 
March 25, has resulted in the receipt 
at headquarters, of applications for 109 
new members with 8 reinstatements of 
old members. 

While this is the largest number of 
applications received in any month in 
the history of the association, the re- 
turns are slightly less than the quota 
for May 1 of 150 new members, which 
was set by Chairman Arthur E. Gor- 
man, when the campaign was being 
organized. 

There is a great deal of interest in 
this campaign throughout the country 
and Secretary Beekman C. Little be- 
lieves that by the end of the convention 
week in St. Louis, the campaign for 500 
new members will be an outstanding 
success. 

The returns to date are summarized 
in the following table: 

Standing of Sections and States in American 


Water Works Association Membership Cam- 
paign as of April 30, 1930 





New Per cent 
Section Quota Members _ of Quota 
COND OTUIR csccnsccscicccesions 25 6 24.0 
EE ee 30 2 6.7 
Central States ............ 40 14 35.0 
ae 5 33.3 
Four States iene 7 12.7 
Illinois f 4 16.0 
See ee 20 3 15.0 
Kentucky-Tennessee.... 20 5 25.0 
DERTRTGI GOR, <.ncncs ccceccecescee 12 0 0.0 
Missouri Valley .......... 30 5 16.7 
I av crscccnsncspacmsins 6 2 33.3 
ee 55 20 36.4 
North Carolina ............ 20 3 15.0 
Pacific Northwest ...... 15 9 60.0 
Rocky Mountain ........ 20 3 15.0 
Southeastern ................ 30 12 40.0 
WRMNODIR onscnscnssecesececes 10 1 10.0 
Non-Organized States 
MINIS icnsiacetnicsiatcssssiey 5 2 40.0 
eS aaa 5 0 0.0 
, ae 3 0 0.0 
New England .............. 25 5 20.0 
Southwest (Texas, 
Oklahoma, Arkan- 
| 25 0 0.0 
PIII ercecsiinsiccintcs 10 1 10.0 
500 109 20.8 


Pacific Northwest Section has got 
away to a very fast start with 60 per 
cent of its quota returned to date. This 
section has a reputation of being one 
of the liveliest sections of the American 
Water Works Association, having 
brought home the Hill cup for member 
attendance at the annual convention in 
1929. 

In the number of new applications 
received, New York State Section is in 
the lead with 20, or 36.4 per cent of 
its quota. 


Central States Section is second with 
14 members and 35 per cent of its 
quota. The New York State crowd is 
out to capture first prize, but W. C. 
Lawrence, who has been appointed 
general Membership chairman for the 
Central States Section, has perfected 
an excellent field organization and 
promises to set a stiff pace to all sec- 
tions in this campaign. 
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The Minnesota Section is the only 
one to date from which no applications 
have been received. 

E. L. Filby in Florida has been going 
strong after new members and has re- 
turned 33 per cent of the qouta for that 
section. 

The active interest of W. H. Weir 
and H. F. Wiedeman of the Southeast- 
ern Section, with their various state 
membership committees, has resulted 
in 12 new members, representing 40 
per cent of their quota. 

Results have not been as satisfactory 
in the unorganized states, although the 
New England Section has done very 
well with 5 new members, or 20 per 
cent of its quota. 

Although the direct mail campaign 
which is being conducted is at its half- 
way mark, those in charge of the cam- 
paign feel certain that the month of 
May will bring in at least 250 addi- 
tional members. Everyone is behind 
the campaign. State Sections are or- 
ganized, the Manufacturers’ Associa- 
tion is supporting the campaign with 
their usual energy, while in the un- 
organized states interested key men are 
assisting in building up membership 
in these states. It is probable that 
with the increased membership which 
results from this campaign, that it 
may be possible to organize new sec- 
tions in A. W. W. A. 





Water Utilization in Boise 
River Basin, Idaho 


Investigations indicate that there is 
a shortage in the water supply for ir- 
rigation on the lands in the vicinity of 
Boise, Idaho, about one year in three, 
and a severe shortage about one year 
in ten; but by using reservoir sites in 
the Boise River basin above Arrowrock, 
such shortages would be materially re- 
lieved, according to a report by W. G. 
Hoyt and L. L. Bryan, hydraulic engi- 
neers of the Geological Survey, U. S. 
Department of the Interior. 

This report states that there are six 
available storage sites, at which 477,- 
000 acre-feet could be stored. All of 
this storage would not, however, be 
necessary at the present time. Hold- 
over storage of about 50,000 acre-feet 
could be used to advantage oftener than 
one year in three, and holdover stor- 
age of 100,000 acre-feet would provide 
100 per cent supply for 85 per cent of 
the time. 

Besides the storage sites there are in 
the Boise River basin 25 power sites, 
at which 44,200 hp. can be developed 
for 90 per cent of the time and 72,000 
hp. for 50 per cent of the time. 

These figures are taken from a 
manuscript report of 150 pages that in- 
cludes a brief discussion of the geog- 
raphy, geology, vegetation, agriculture, 
mining activities and roads and trails, 
and a set of nine maps showing plan 
and profile of the Boise River and its 
principal tributaries and the suggested 
dam and reservoir sites. 





Sanitary Specifications and Construction 


for Water Wells 


Prevention of Conditions Responsible for Contamination Aim of Illinois Department of Public Health: 
—Specifications, with Interpretations and Reasons for Adoption, for Drilled and Dug Wells 


By HARRY F. FERGUSON and CLARENCE W. KLASSEN 


Chief Sanitary Engineer and Assistant Sanitary Engineer, Illinois Department of Public Health, 


HE advance in sanitation, like ad- 

vances in many other fields, has 
often been by jerks. A disastrous fire 
or serious accident brings about the 
adoption of safety measures, a scourge 
of malaria results in mosquito control, 
a devastating flood is followed by river 
control projects and like an epidemic 
of waterborne illness invariably leads 
to needed improvements in the water 
supply system. These disasters repre- 
sent a loss to those involved but, com- 
bined with the improvements which 
they bring about, they avoid similar 
future loss to those who take advan- 
tage of the lessons taught. Experience 
is often necessary to point the way. 
Sometimes water supply experience 
comes high, the price being suffering 
and death. Fortunately there is a sub- 
stitute—prevention before cure becomes 
necessary. The wide-awake, conscien- 
tious water-works men can more prof- 
itably take advantage of the experience 
of others. 

During the past few years Illinois 
has experienced several serious water- 
borne epidemics of dysentery and ty- 
phoid with the usual percentage of 
deaths. Several other supplies were 
polluted but fortunately the governing 
officials acted upon recommendations of 
the sanitary engineers in time to re- 
move the cause of pollution or to chlo- 
rinate the water and prevent serious 
outbreaks, 

A few of these pollution cases stand 
out as classic examples of well pollu- 
tion. The importance of the protection 
of this particular type of water supply is 
often overlooked by some water-works 
men. A well might be so located and 
constructed so that at any time it could 
become polluted, yet the fact that it 
has not caused any waterborne illness 
develops a false sense of security in 
those responsible for the supply. With 
some, the erroneous impression still 
prevails that the mere fact that water 
is being pumped from a well gives defi- 
nite assurance of its safety. 

In Illinois 508 municipalities have 
public water-works systems which are 
supplied from 470 sources, some cities 
obtaining their supplies from other 
cities. The importance of wells and 
their construction and protection, as 
sources of public water supplies will be 
appreciated when it is noted that 371 
of these sources are wells. Because of 
the common use of the automobile and 
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the increased travel to and visiting in 
cities, the safety of public water sup- 
plies is of vastly more concern than 
just to the cities served by them. Com- 
bined with this travel and the geo- 
graphical distribution of such well- 
water supplies, not only one community 
nor one state, but whole states are af- 
fected by the safety of public supplies. 
Because wells do play such an impor- 
tant part it is highly imperative that 
water-works men not only properly 
maintain but also give attention to the 
proper location and construction of such 
water supply sources when they are 
installed so that a clear, clean, safe 
water will be assured. 

The Division of Sanitary Engineering 
makes inspections of all the Illinois 
public water supplies. These inspec- 
tions reveal that in some instances con- 
siderable thought was given to the lo- 
cation and construction of wells, while 
others give evidence that the same type 
of thought was exercised in locating 
wells as is practiced in India, where it 
is reported that in deciding upon a 
well’s location, several buckets of 
water are first thrown upon a goat, 
which is considered a sacred animal. 
The goat is then set free to run and is 
followed by the townsfolk. The point 
at which the goat first stops to shake 
himself marks the location of the well, 
whether it is in a field or the center 
of main street. In many modern devel- 
opments of unsatisfactory wells, 
thoughtlessness, carelessness and false 
economy often dominate. In some cases 
wells are finished and equipped or cov- 
ered in such a manner that improve- 
ments necessary to protect them against 
contamination become difficult and 
expensive, 

Many of the unsatisfactory conditions 
of wells are caused by neglectful oper- 
ation but in most cases the defects 
allowing the entrance of contamination 
could have been prevented and elimi- 
nated when the wells were installed. 
The fault may have been ignorance of 
the well contractor in sanitary precau- 
tions necessary for the protection of 
the well or of the engineer or munic- 
ipal official in not including in the speci- 
fications sections covering the proper 
sanitary construction. 

To prevent such conditions which are 
responsible for contamination instead 
of merely trying to correct them has 
been the aim of the State Health De- 
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partment. It has been found through 
experience that it is not only easier but 
much more satisfactory to prevent than 
to correct, and thus municipalities, 
water-works officials, engineers and well 
contractors are being advised and urged 
to prevent conditions in water wells 
which might cause pollution of supplies 
and resulting epidemics rather than try 
to correct such conditions after the 
damage is done. Pursuing this policy, 
about three years ago, a suggestion by 
the state sanitary engineers to the pro- 
fessor of sanitary engineering at the 
University of Illinois brought about the 
organization of the Illinois Water Well 
Drillers Association and through the 
medium of their annual meetings it 
has been possible to inform and advise 
this group regarding the sanitary loca- 
tion and construction of water wells. 

Municipalities, through their water 
departments, often enter into contracts 
for wells where the specifications are 
limited and incomplete. Major sani- 
tary phases may be covered but minor 
questions of sanitary construction— 
those features which may seem unim- 
portant, yet which are capable under 
certain conditions of causing serious 
pollution—are not included. This is not 
a theoretical viewpoint, for in our re- 
view of numerous specifications for pro- 
posed wells it has been found that those 
sections pertaining to the sanitary fea- 
tures of location and construction are 
not only incomplete but often entirely 
omitted. In such instances the munic- 
ipalities must rely on the judgment, 
ability and integrity of the well con- 
tractors to locate and construct wells 
which will yield safe water. The aver- 
age well contractor no doubt desires to 
construct safe wells but these desires 
are not realized, either on account of 
not being fully qualified, or, as in all 
fields, because those qualified may not 
be adverse to taking advantage of the 
municipality when incomplete specifica- 
tions and contracts form the basis for 
the work. 

On the other hand, it is unsatisfac- 
tory and unfair for a municipality to 
specify rigidly the location, casing and 
detail construction of a well and then 
attempt to have the well contractor 
guarantee the quantity and the sanitary 
and mineral quality of the water ob- 
tained. It is not only unfair to the 
driller but unsatisfactory to the munic- 
ipality. In such instances, the driller 
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rust necessarily make his bid suffi- 
ciently high to protect himself, for he 
naturally cannot change the character 
of the underground formations. His 
perhaps justifiable high bid not only 
protects himself on that particular job, 
but acts as a reimbursement on other 
similar jobs which have proved unsuc- 
cessful under those terms. 

Based upon the past experience 
gained in field inspections, laboratory 
studies and review of specifications for 
wells, the need and use for some stand- 
ards or minimum sanitary requirements 
for use by water-works men are appar- 
ent. Previous court decisions in Illi- 
nois and other states leave no doubt 
as to the legal responsibilities of mu- 
nicipalities and water companies for 
the safety of public water supplies. 

Pursuing the policy of cooperation 
with engineers, well contractors and 
water-works men in preparing specifi- 
cations for proposed new wells and de- 
termining whether the present wells are 
pollution proof, the Division of Sani- 
tary Engineering of the Illinois De- 
partment of Public Health has prepared 
“standards” or specifications for proper 
well location and construction from the 
sanitary viewpoint. The specifications 
are composed of sections designed to be 
incorporated in general well specifica- 
tions and include only those features 
which have an effect upon the sanitary 
quality of the water. 

These specifications have gradually 
been built up and the ideas embodied 
therein are not based upon hypothetical 
possibilities of well pollution but upon 
actual field conditions illustrating how 
wells have been, are being and can be 
polluted. 

In the “standards” or specifications ac- 
companying this paper there have been 
included after each item of the specifi- 
cations the public health reason and the 
“satisfactory compliance” or the condi- 
tions which satisfy the specifications. 
These were so written for a triple pur- 
pose: (1) that the specifications might 
be of value and use to the engineer, 
contractor or water-works official in 
drawing up and including the essential 
sanitary features in general well speci- 
fications; (2) that the public health 
reason might give information of edu- 
cational value to engineers and munic- 
ipal and health officials, and (3) that 
the “satisfactory compliance” might be 
a guide or “sanitary yardstick” by 
which water-works men can “measure” 
the sanitary features of their present 
wells and answer the question, “Are the 
wells pollution-proof ?” 


I. Drilled Wells 
A, Rock Wells 


1. Location.—(a) Surface drainage, 
flood water: The well shall be so lo- 
cated as not to be subject to surface 
drainage or flood water. 

Public Health Reason: All surface 
water is contaminated, the nature of 
the contamination depending upon the 
character and amount of objectionable 
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impurities with which the water has 
contact. Flood water often contains 
sewage. 

Satisfactory Compliance: Location 
should be where ground does not be- 
come waterlogged at certain seasons, 
where the elevation is above maximum 
high-water level of nearby streams and 
where the surface drainage is away in 
all directions. 

(b) Cesspools, privies: The well shall 
be so located as not to be subject to 
seepage from cesspools, privies, sink- 
holes or any accumulation of waste. 

Public Health Reason: Seepage from 
cesspools and privies always contains, 
and seepage from sink-holes and accu- 
mulation of waste may contain organ- 
isms of intestinal origin which are 
capable of causing waterborne illness. 

Satisfactory Compliance: Safe dis- 
tance from a well to such sources of 
pollution depends upon the character 
of the upper strata at the location. A 
privy or cesspool should always be at 
least 75 and preferably 100 ft. away 
with natural surface drainage away 
from the well. In creviced limestone 
there is no safe distance and proper 
construction of the well must eliminate 
the danger. 

(c) Sewers: The well shall be so 
located as not to be subject to seepage 
from sewers or tile lines carrying cess- 
pool or septic-tank effluent. 

Public Health Reason: Sewers carry 
animal and human wastes and seepage 
therefrom contains dangerous organ- 
isms. 

Satisfactory Compliance: The safe 
distance from sewer to well depends on 
the character of the upper strata at 
the location, but all sewers, tile lines 
carrying cesspool or septic-tank effluent 
and connections from pumping-station 
toilet to street sewer should be con- 
structed of cast-iron pipe with joints 
caulked watertight for a distance of at 
least 50 ft. from the well. In creviced 
limestone there is no safe distance. 
No sewer lines, regardless of construc- 
tion, should pass within 10 ft. of the 
well casing, 

(d) Abandoned wells: The well shall 
not be subject to seepage from aban- 
doned wells. 

Public Health Reason: Abandoned 
wells open at the top or those with de- 
fective casings allow the entrance of 
surface and shallow ground water which 
often finds its way to the water-bearing 
strata of the wells in use. 

Satisfactory Compliance: The safe 
distance between abandoned wells and 
those in use depends upon the condi- 
tion of the casing and construction of 
the abandoned wells and the strata they 
penetrate. Abandoned wells which are 
situated and constructed so that con- 
tamination may enter them and reach 
the well in use, should be filled with 
concrete, puddled clay or some other non- 
porous material or should be plugged at 
a depth or sealed so as to prevent pos- 
sible contamination of the water-bear- 
ing strata. Whenever any well is aban- 
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doned, it should be plugged or sealed 
as described above and should never be 
used for the disposal of wastes. 

2. Construction.—(a) Casing mate- 
rial: The casing shall be of such ma- 
terial that when in place it will be 
watertight its entire length. 

Public Health Reason: Defective and 
leaky casings allow polluted shallow 
ground water or water of an undesir- 
able quality to enter the well. 

Satisfactory Compliance: Materials 
for casings are cast iron, wrought iron 
and screw-joint steel. Riveted steel or 
slip-joint pipe is generally unsatisfac- 
tory, as riveted pipe leaks along the 
seam and slip joints are not always 
watertight. 

(b) Length of upper casing: The up- 
per casing shall be of a sufficient length 
to penetrate a solid rock formation and 
be sealed into this formation so as to 
exclude any water from above seal en- 
tering around and directly under the 
seal. 

Public Health Reason: Water in 
ground above such a seal is generally 
polluted or subject to pollution which 
can travel down on the outside of the 
casing and enter the well if the casing 
is not properly sealed into a solid rock 
formation. 

Satisfactory Compliance: A suitable 
formation is that classified as “solid 
rock” by geologists and into which the 
casing is sufficiently driven or so sealed 
with grout or a lead or expanding- 
rubber packer or similar device that 
no water above and around casing can 
enter the well at the seal. 

(c) Corrosion of casing: Casing ex- 
tending through corrosive strata or 
water shall be protected from same. 


Public Health Reason: Corroded cas- 
ing allows the entrance of water of 
undesirable mineral and sanitary 
quality. 

Satisfactory Compliance: Prevention 
of corrosion can generally be accom- 
plished by installing a shell of cement 
or asphalt grout around the casing by 
leaving at least a 2-in. annular open- 
ing between the casing couplings and 
the drill-hole wall for grout. When 
replacing a corroded casing, the old 
casing should be removed and the drill 
hole reamed out to proper size for the 
cement grout shell, or a casing of 
lighter material installed inside the cor- 
roded one to act as an inner form for 
the grout. This latter method, of 
course, reduces the size of well. Cor- 
rosion can be reduced in new wells by 
installing cast-iron or genuine wrought- 
iron pipe to which has been applied a 
double coating of bituminous material. 

(d) Closing casing after drilling: 
Upon completion of drilling, the casing 
top shall be cut off level and tightly 
closed until the pump is installed. 

Public Health Reason: With the cas- 
ing open, accidental or malicious con- 
tamination of water-bearing strata can 
result and unless the casing is cut off 
level, the proper sanitary method of 
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closing the top after installation of the 
pump cannot be accomplished. 

Satisfactory Compliance: A _ cap 
screwed on to or a wooden plug driven 
securely into the casing is satisfac- 
tory. A plank, burlap, sack, etc., is 
unsatisfactory. 

3. Pits.—No pit shall be left per- 
manently around the casing top and the 
casing shall end at least 6 in. above 
pumping station floor, which floor shall 
be at least 12 in. above the ground 
surface. 

Public Health Reason: Pits collect 
waste material, station floor drainage, 
oil, etc., which can enter an open casing 
top ending in a pit. 

4. Pump Connections.—(a) Deep 
well pump, air lift: A watertight con- 
nection shall be made between the drop 
pipe and the casing top. 

Public Health Reason: An annular 
space between the casing top and the 
drop pipe allows dirt, oil and waste 
pumpage to enter the well when the 
opening is not closed watertight. 

Satisfactory compliance: Safe clos- 
ing of the space can be accomplished 
by devices sold with the pump installed 
or by placing a lead seal between the 
drop pipe and the casing top. When 
the well has an outer casing the an- 
nular space between both casing tops 
should be closed. 

(b) Pump discharge above base: 
When the discharge is above the pump 
base, the casing or casings, if the well 
has an outer casing, shall extend as 
far as possible into the pump base so 
as to cover effectively the annular space 
between casing tops and there shall 
be no hole in the pump base so located 
as to allow any oil or water to enter 
well. 

Public Health Reason: Pump bases 
very often act as collectors of oil and 
waste pumpage which should be drained 
away from the well and prevented from 
entering around the drop pipe. 

(c) Breather or vent pipe: Any 
breather or vent pipe which taps the 
casing or extends through the seal or 
connection at the casing top shall end 
at least 20 ft. above the station floor, 
the end pointing downward and finely 
screened. 

Public Health Reason: Such vent 
pipes, unless properly protected, allow 
dirt and dust to enter the well. 

(d) Sampling faucet: On the dis- 
charge pipe of each well pump shall 
be an approved tap for the collection 
of samples. 

Public Health Reason: Regular sani- 
tary analyses are advisable in keeping 
an analytical check on the quality of 
the water direct from each well. 

5. Sterilization.—New wells, repairs: 
Before either a new well or one having 
been repaired is placed in use, the well 
shall be sterilized. 

Public Health Reason: Contamina- 
tion due to the newness of the mate- 
rial or that introduced by workmen 
during the installation of a pump in a 
new well or repairs on old well often 
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persists for long periods of time unless 
the well is sterilized. 

Satisfactory Compliance:  Steriliza- 
tion can be accomplished by adding 
chlorine or a solution of chloride of 
lime to the water in the well and al- 
lowing it to stand for several hours 
before the pump is put into operation. 
The water as discharged should show 
a residual of at least 0.3 p.p.m. 


B. Drift Wells 


The location, general construction and 
equipping of drilled drift wells is prac- 
tically the same as for the rock wells 
with the following exceptions. 

(a) Length of casing: The casing 
shall extend to the water-bearing 
strata. 

Public Health Reasons: Shallow 
ground water above the water-bearing 
strata is often subject to pollution and 
should be excluded from the well. 

(b) Gravel packed wells: In wells 
where gravel is fed between inner and 
outer casings, the outer casing shall 
penetrate an impervious stratum suffi- 
ciently to prevent water above the im- 
pervious stratum from entering the 
well, and the annular space between the 
drop pipe and both casing tops shall 
be closed watertight. 


Public Health Reason: Water above 
the first impervious stratum is gener- 
ally subject to contamination and un- 
less the outer casing is properly ex- 
tended into an impervious stratum and 
closed at the top, shallow ground water 
or surface contamination can enter the 
gravel and follow down to the screen 
and into the well. 


Satisfactory Compliance: An imper- 
vious stratum such as clay, may some- 
times not be encountered and in such 
cases the outer casing should extend to 
the water-bearing strata. 


II. Dug Wells 


A. General 


(a) Location: Same as for drilled 
wells. 

(b) Wall or curbing material: The 
wall or curbing shall be of such mate- 
rial that when in place it will be water- 
tight to the water-bearing strata to be 
drawn upon and shall in no case extend 
less than 10 ft. below the ground 
surface. 

Public Health Reason: Shallow 
ground water above a depth of 10 ft. 
is generally polluted and should be 
excluded from the well. 

Satisfactory Compliance: Material 
for such wells is concrete made water- 
tight by adding from 4 to 8 lb. of 
hydrated lime per sack of cement or by 
other approved waterproofing com- 
pound. 

(c) Manhole openings: Manhole 
openings shall have sides raised at 
least 3 in. above the well top and shall 
be closed by a cover having overhang- 
ing sides. 

Public Health Reasons: Manhole 
openings not adequately protected al- 
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low dirt and animal pollution, etc., to 
be washed into the well. 

Satisfactory Compliance: Manhole 
covers can be made from concrete or 
metal-covered wood. Wooden covers 
are not satisfactory. Provision should 
be made to keep covers locked. 

(d) Vents for air release: Vent pipes 
for air release shall be protected from 
allowing contamination to enter well. 

Public Health Reason: Improperly 
constructed vents allow dirt, dust, bugs 
and bird pollution to enter the well. 

Satisfactory Compliance: Pipes 
should end in a reverse turn pointing 
downward with the end at least 12 in. 
above the well top and covered with a 
fine copper screen. 

(e) Suction pipe openings: Openings 
for suction pipes shall be so constructed 
as to prevent entrance of dust and dirt, 
etc. 

Public Health Reason: Suction pipe 
openings when not properly construct- 
ed in the well top or side allow an ave- 
nue for the entrance of contamination. 

Satisfactory Compliance: One method 
for constructing suction pipe openings 
is by placing in the forms short lengths 
of pipe larger in diameter than the 
suction pipe when the top or side is 
poured, The annular space between the 
suction pipe and the opening is caulked 
watertight with lead. 

(f) Pumping machinery installation: 
Pumping machinery shall not be in- 
stalled so as to necessitate the entrance 
of the operator into the well. 

Public Health Reason: Persons en- 
tering the well track and otherwise 
cause the entrance of contamination. 

Satisfactory Compliance: Pumping 
machinery should be located outside of 
the well. 


B. Wells Not Covered or Partially 
Covered by Building 


(a) Walls and top: Walls or curbing 
shall extend at least 3 ft. above the 
ground surface at the well and shall 
be covered by a properly draining 
watertight concrete top. 

Public Health Reason: All possibil- 
ities of surface water, dust, dirt, ani- 
mal and bird pollution entering well 
should be eliminated. 

(b) Manhole openings, vent pipes and 
suction pipes, as previously described 
above. 


C. Well Covered by Building Whose 
Foundation Is Continuation of Well 
Walls 


(a) Walls and top: Walls of well 
shall extend at least 1 ft. above ground 
surface and shall be covered by a 
watertight concrete top. 

Public Health Reason: The water- 
tight well walls extending above the 
ground surface protect the well against 
allowing the infiltration of shallow 
ground water and eliminate the prob- 
lem of having to drain a sub-ground 
pump room. 

(b) Manholes, vent pipes and suc- 
tion pipe openings should be construct- 
ed as described above, 
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Odors from Sewage Disposal 


HE subject of odors is always a 

pertinent one in connection with 
that of sewage. It seems more than 
likely that it was odor which first drew 
attention to the subject of sewage dis- 
posal. We know that it was the odor- 
ous condition of British streams, be- 
fouled with human excrement reaching 
them through the storm-water drains, 
that led to the first attempts at sewage 
treatment in England. 


Ten years after the establishment of 
the first disposal works under compul- 
sory legislation it was odor which led 
to an investigation to determine whether 
the condition produced locally by such 
works was not worse than the original 
condition of the rivers which it was 
intended to improve. 


One has only to recall a soft June 
night in the country, a little vine-cov- 
ered house at the end of the grape 
arbor bathed in moonlight and filling 
the glorious night with fragrance, to 
wonder that a disposal plant represent- 
ing, say, a thousand or ten thousand 
such places can be made approachable. 


Fortunately it is not true, as I once 
heard a specialist infer in court that 
if a 1-m.g. plant could be smelled at a 
distance of one mile (which it some- 
times can), a 10-m.g. plant could be 
smelled at ten miles. 


In fact, with the information and ap- 
paratus now available, it is possible to 
operate a plant of any size, under 
favorable conditions with no more frag- 
rance than emanated from the little 
vine-clad wart at the end of the arbor. 


Since those mellow June nights, with 
their odor-carrying propensities, are 
again upon us, it seems apropos to 
speak of odors. 

Odors 
classes: 
1. Local odors. 

2. Migrating odors. 


may be divided into two 


Local Odors.—Local odors are such 
as ean be noticed only in the immedi- 
ate vicinity of the operating structures. 
They may range from the odor of fair- 
ly fresh sewage, which is not particu- 
larly objectionable, but has a peculiar 
property of arresting attention when- 
ever encountered, to the nauseating 
odor of rancid grease. 


Normal Sewage Odors.—The milder 
odors, fresh sewage and wash-water 
odors, are inherent in the sewage and 
can only be made less noticeable by 
the use of deordorizers, such as chlorine 
products and phenol products. The 
effect of chloride of lime in making the 
atmosphere of pump stations and dis- 
posal plants somewhat more pleasant 
is well known. Perhaps more familiar 
are the naphthol products used about 
public toilets. As to the latter making 
the atmosphere more agreeable, that 
may be a matter of personal opinion. 
The writer’s opinion would be in the 
negative in most cases. There are a 
few good deodorants, such as Phinotas, 
which really have a pleasing effect. 


Preventable Plant Odors.—The strong- 
er and really troublesome local odors 
usually come from the exposure of 
sewage solids and particularly grease 
to the atmosphere. The obvious rem- 
edy in this case is scrupulous care in 
keeping all solids submerged. 


An ounce of solid material dropped 
from a rake or skimmer and allowed 
to dry on the tank wall may create 
more odor nuisance than all the re- 
maining units of the plant combined. 


A ring of grease on a tank wall be- 
tween the high and low water lines 
and even creeping a little above the 
high water line will, when baking in 
the heat of a calm summer afternoon, 
cause very offensive odors. Possibly 
worse, because the area exposed is 
greater, is the odor from partially-dried 
scum floating on the surface of a tank 
and also baking in the sun. If the tank 
happens to be a humus or resettling 
tank following sprinkling filters at a 
time when the latter are unloading a 
mass of dead worms, the result will be 
the ultimate in choice odors. 


Grease rings at the flow line should 
be kept down by constant scraping and 
scum blankets should be avoided wher- 
ever possible. Where it is impossible 
to eliminate such scum blankets—a 
thing that often happens under prac- 
tical working conditions—it will help 
considerably to keep such surfaces 
thoroughly wet down. Chloride of lime 
and Phinotas powder, sprinkled on such 
exposed surfaces, have proved to be 
great aids in lessening the local nuis- 
ance. 
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If the scum blanket consists of sour, 
unripe sludge, the odor may become a 
migrating one under certain atmos- 
pheric conditions. Under such atmos- 
pheric conditions difficulties have been 
experienced with this sour, garbage- 
like odor at distances of one-fourth of 
a mile from a plant. It is possible for 
odors from such sour scum blankets to 
be carried to a considerable distance 
during evening and early morning 
hours, although the odor may not be 
particularly noticeable during the day 
even at close range. This condition 
of the scum blanket will be indicated 
by the visiting of certain insects that 
look much like honey bees but are four 
to five times as large as the latter. 


Exposure of unripe sludge on drying 
beds gives rise to conditions similar 
to those described in connection with 
scum blankets. The sickening odor will 
persist about such beds for months 
after the sludge has been removed un- 
less care is taken to remove the last 
traces of the poor sludge from sur- 
rounding walls where it may have dried 
on in thin sheets and become scarcely 
distinguishable from the concrete to 
which it adheres. 


If it becomes necessary to draw 
sludge of this type to drying beds, as 
is frequently the case under practical 
operating conditions, the addition of a 
solution of alum just as the sludge 
reaches the bed will practically elimi- 
nate the odor trouble as well as hasten 
the drying of the sludge. About 1% 
ib. of alum should be used for each 
cubic yard of sludge. Sulphate of iron 
would be equally effective in reducing 
the odor. 


Migrating Odors.—While the odors 
so far discussed are annoying close at 
hand, they would not, except for the 
odors of sour scum or sludge, be de- 
tected more than 50 yd. from the 
source and seldom that far. 


Odors from the sour sludge or scum 
or from foam, which is in the same 
class, from massed solids floating in 
septic tanks in the raw state, from un- 
digested activated sludge, from septic 
tank effluent exposed to the air espe- 
cially if agitated and from stale sew- | 
age in general, have been recorded as 
carried for a distance of two miles un- 
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der certain conditions. Odors from 
sludge-drying operations employing 
heat have been noted at considerably 
greater distances than this in a few 
cases. 


Odors do not reach such distances 
when disseminated equally in all direc- 
tions because under this condition they 
would soon be diluted by the air with 
which they come into contact to such 
an extent as to become inappreciable. 


Heavy winds tend to diffuse and dis- 
seminate odors so that such winds are 
not much of a factor in carrying odors 
to a distance. Light winds, on the 
other hand, may move the odor “cloud” 
in fairly straight lines and within a 
narrow path to a considerable distance. 


The most favorable condition for 
odors to reach a great distance from 
the source is in a nominal dead calm. 
In such a calm there are, in fact, slight 
currents of air traveling at inappreci- 
able velocities and within very narrow 
limits, possibly only a few inches in 
cross-section but moving to great dis- 
tances without sufficient disturbance to 
cause any dissemination. 


The writer has observed such cur- 
rents only 1 ft. in depth by about 3 ft. 
in width traveling suspended about 6 
ft. above the earth surface at distances 
of one-fourth of a mile from the source 
of odor. The conditions under which 
such currents are formed are the same 
as those forming smoke flags and cloud 
flags. It is by creating smudges at 
the source of odor that the limits of 
these currents have been so accurately 
observed. 


Probably all are familiar with the 
long trails of smoke (smoke flags) 
which, in the calm of a summer eve- 
ning, or possibly on a still, hot after- 
noon, emanate from bonfires and hang 
suspended in mid-air. The study of 
these smoke flags has yielded much in- 
formation on the travel of odors and 
has proved highly interesting. 


One finds that from a given position 
these smoke flags will take the same 
definite course day after day, as if 
there were invisible banks to guide 
them. They do not come into actual 
contact with any object in their path, 
but pass around such objects at a defi- 
nite distance in either a horizontal or 
vertical plane. The accompanying illus- 
tration shows the vertical profile of one 
flag that was repeatedly reproduced on 
successive summer evenings of like at- 
mospheric conditions. 


If there were sufficient movement of 
the current of air to cause it to im- 
pinge upon objects, such as_ trees, 
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which it approaches, the odor cloud 
might be broken up and diffused, but 
there is no such velocity and this fact 
explains why plantings of trees and 
shrubs may not be effective in pre- 
venting the migration of odors. 


On one summer evening during the 
course of these observations I noted 
mist rising from the ground surface 
of a certain field. Starting at the 
ground surface the mist slowly in- 
creased in depth until it topped a 3-ft. 
hedge along one side of the field. The 
mist then poured over the lowest por- 
tion of the hedge exactly as water 
would pour over a spillway and, turn- 
ing, drifted down a road at right angles 
to its course over the hedge. 


From these observations one must 
conclude that while shrubbery most cer- 
tainly adds to the attractiveness of a 
plant it cannot be depended on as an 
odor screen. 


Control of Stale Sewage Odors.—A 
large amount of work done by the 
Chlorine Institute under the direction 
of Linn H. Enslow has shown very 
definitely that the migrating odors 
from stale sewage are due to hydrogen 
sulphide and allied compounds which 
have a great avidity for chlorine, and 
that it is entirely feasible to chlorinate 
the sewage at some advantageous point 
in the disposal works or in the outfall 
sewer, thus “oxidizing” these com- 
pounds to inoffensive chlorine combina- 
tions. 


The writer has demonstrated that by 
giving about 25 per cent of the sewage 
(settling-tank effluent) a partial acti- 
vated sludge treatment and returning 
the aerated effluent with some of the 
sludge to the main flow of sewage before 
it goes to sprinkling filters, the offen- 
sive gases are sufficiently oxidized to 
eliminate dissemination of odors from 
the filter sprays. 


In either the chlorine or activated 
sludge method the point is that the 
free hydrogen sulphide is reduced to so 
low a concentration that it is not offen- 
sive. W. J. O’Connell, Jr., gives this 
concentration as % p.p.m. With the 
chlorine method it is a simple thing 
to remember that free chlorine and free 
hydrogen sulphide cannot exist in the 
same solution at the same time and 
that, therefore, the faintest trace of 
free chlorine will preclude the pres- 
ence of any hydrogen sulphide. 


O’Connell further states that the 
chlorine attacks the hydrogen sulphide 
gas before it attacks any of the liquid 
or solid portions of the sewage, the re- 
action resulting in the production of 
free sulphur and hydrochloric acid. 


Depth of flay 2tod feet Width 31010 feet, 
Oistonce fram surtoces 6 feet 
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Diagram Showing How Smoke Flag Follows Contours of the Earth and Any Intervening 
Obstructions 
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Since the production of hydrogen 
sulphide from sewage is dependent on 
the action of bacteria, it is sometimes 
found economical to chlorinate the in- 
coming sewage to prevent such bac- 
teral action instead of attacking the 
ready-formed gas. Decision on the 
point and method of attack would de- 
pend on local conditions and cannot be 
entered into in this article. 


Odors from Digesting Sludge.— 
Odors from Imhoff tank digestion 
compartments may escape either direct- 
ly from the gas vent or from the tank 
effluent through the return of septic 
material through the slots. The latter 
case calls for chlorination of the tank 
effluent. A study of the individual case 
will probably reveal that the undesir- 
able conditions are confined to certain 
hours of the day and that chlorination 
to cover these hours would be sufficient. 
While there is considerable hydrogen 
sulphide in the gas escaping directly 
from the gas vents, under the most 
favorable conditions with alkaline di- 
gestion and the escape of gas unim- 
peded by scum, migrating odors of any 
magnitude should be infrequent since 
the uniform evolution of gas is favor- 
able for diffusion and dispersement. 
Acid digestion and the choking of the 
vents with scum go hand in hand to 
make for spasmodic release of highly 
offensive odors upon every change in 
atmospheric condition. 


Separate sludge digestion tanks are 
most easily controlled as regards odors 
because treatment to correct acid con- 
ditions is very readily applied and be- 
cause it is equally simple to keep all 
solids submerged and to collect and 
burn all gases. Since the fuel value 
of the gas is high this method of odor 
control can be made profitable. The 
only precaution necessary is to see that 
the gas-collecting apparatus is so de- 
signed that a positive pressure will 
always be maintained to exclude air 
under any and all conditions. 


<i 
a ee 





Virginia Water and Sewage 
Works Association to 
Meet in Norfolk 


The 2nd annual convention of the 
Virginia Water and Sewage Works As- 
sociation will be held at the new Nan- 
semond Hotel, Ocean View, Norfolk, 
Va., June 19th and 20th. The program 
contemplates a number of interesting 
papers and discussions referring to 
plant operation in treating the variety 
of raw water supplies obtained in the 
state; also papers and discussions deal- 
ing with impounding reservoirs and 
maintenance of watershed areas. The 
program also includes discussion of the 
application of advantageous methods 
of sewage treatment. H. W. Snidow, 
Assistant, State Department of Health, 
Richmond, Va., is Secretary-Treasurer 
of the Association. 





The World’s Largest Pumping Station 


New Springwells Project of Detroit, Mich., Will Have 


ONSTRUCTION will be started 
soon on the Springwells pumping 
station of the city of Detroit, Mich. 
It is stated it will be the largest single 
pumping station in the world. It is 
expected it will be in operation in 1932. 
The Detroit water supply is obtained 
from the Detroit River through an in- 
take near Belle Isle. The water flows 
by gravity through a tunnel to a res- 
ervoir from which it is pumped by 
low-lift pumps into a filtration plant. 
The clear, purified water flows from 
the filters by gravity into storage res- 
ervoirs whence it is pumped directly 
into the mains. 

In 1925 a program was begun for 
increasing the capacity of the present 
Waterworks Park Station, and the con- 
struction of the entirely new and inde- 
pendent Springwells Station. Several 
of the obsolete steam engine driven 
reciprocating pumps in the older sta- 
tion were replaced with modern electric 
equipment. 


The new Springwells project is lo- 
cated on West Warren Ave. approxi- 
mately 14 miles from Waterworks 
Park. It will take its water from the 
Detroit River through a new intake at 
the head of Belle Isle. The water will 
flow by gravity through a concrete 
lined tunnel 14 and 12 ft. in diameter, 
laid along Forest and Warren Aves. 
and emptying into a large well 56 ft. 
in diameter and 100 ft. deep. Thence 
the water will be pumped into a filter 
plant. It will flow from the filter plant 
by gravity to the pumping station, 
where a series of pumps will force it 
directly into the mains. 


All of the pumping equipment in the 
new station will be of the most modern 
design, and will be driven by electric 
motors built by the General Electric 
Co. The low lift centrifugal pumps 
which take the water from the large 
well are being manufactured by the 
Worthington Pump & Machinery Cor- 
poration. Six will be 750-hp. units, 
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Special Power Plant 


and two will be 350 hp. in rating. The 
750-hp. pumps will be driven by syn- 
chronous motors, while the smaller 
pumps will be driven by slipring in- 
duction motors. There will also be 
two smaller pumps for dewatering the 
tunnel. These are to be furnished by 
the American Well Works and will be 
driven by two-speed induction motors 
rated 100/200 hp., 720/900 rpm. Two 
sump pumps, made by the same con- 
cern, will be driven by 5-hp. induction 
motors. 


The horizontal high lift centrifugal 
pumps that take the water from the 
filter plant and pump it into the mains 
also are being made by the Worthing- 
ton Pump & Machinery Corporation. 
Sixteen of these will be eventually in- 
stalled, 12 of which are now being 
made, Four will be rated 1,725 hp. 
each, and will be driven by synchron- 
ous motors running at 600 rpm; two 
will be 1,675-hp. pumps driven by syn- 
chronous motors at a speed of 514 
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Interior of the Tunnel 


rpm., and two will be 1,425-hp. pumps 
driven by synchronous motors with a 
speed of 514 rpm. The four remaining 
pumps will be driven by slipring, vari- 
able-speed induction motors, two rated 
1,400 hp., 713/647 rpm., and two rated 
1,200 hp., 507/461 rpm. 


The great size of the new pumping 
station and the consequent large de- 
mand for electric energy made it nec- 
essary to plan a special power plant for 
the Springwells project. This is de- 
signed for an ultimate capacity of 30,- 
000 kw., consisting of two 5,000-kw. 
and two 7,500-kw. turbine generators, 
and using a 5,000-kw. transformer 
bank. This electric equipment will be 
supplied by the General Electric Co. 
The transformers will be used to tie 
in with a separate source of central 
station power. 


Auxiliary power in the station will 
be furnished by three General Electric 
turbine generators each rated 500 kw. 
Steam will be extracted from the stages 
of the turbines and used for heating 
the building. Thus the steam for heat- 
ing will be obtained as a by-product 
of the power generation process. 


The land tunnel for the new project 
is nearly complete. The river tunnel 
which will connect the land tunnel with 
the new intake is under construction. 
The ventilation of this tunnel during 
construction is a matter of great im- 
portance because of pockets of hydro- 
gen sulphide gas which occur in the 
limestone rock formations. Proper 
ventilation is provided by two General 
Electric centrifugal compressors, each 
supplying 9,000 cu. ft. of air per minute 
at a pressure of 2 lb., and driven by 
120-hp. induction motors. Specially de- 


signed General Electric control and in- 
dicating equipment shows the deliverv 
of air from the blowers in terms of 
cubic feet per minute. 


Third Annual Meeting of 
Pacific Northwest Section, 
A. W. W. A. 


The 3rd annual meeting of the Pacific 


Northwest Section of the American 
Water Works Association was held in 
Portland, Ore., April 24-26, 1930. The 
total registration was 149. 

At the banquet, which was held on 
April 25, the total attendance was 139. 
A short talk was given by Jack J. 
Hinman, Jr., president of the American 
Water Works Association, on the aims 
and motives of the association, and also 
a few remarks were made by Ben S. 
Morrow, chairman of the Pacific North- 
west Section, and by Ernest C. Willard, 
secretary-treasurer. 

At the banquet the golf prizes 
awarded in connection with the golf 
tournament were given the recipients, 
which were as follows: 

First prize, golf bag—Sam W. Kerr, 
Mueller Company, Seattle, Wash. 

Second prize, golf bag—Robert W. 
Martindale, Pacific Coast manager, 
U. S. Pipe & Foundry Company, San 
Francisco, Calif. 

Third prize, three matched wood 
clubs—Ross A. Gridley, assistant divi- 
sion engineer, Public Works Engineer- 
ing Corporation, Salem, Ore. 


Fourth prize, three matched wood 
clubs—A. D. Mars, Jr., Neptune Meter 
Company, Denver, Col. 
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Fifth prize, one dozen golf balls— 
H. A. Goode, assistant to Commissioner 
of Public Utilities, Portland, Ore. 

Sixth prize, one dozen golf balls— 
W. B. Severyns, superintendent Water 
Department, Seattle, Wash. 

Seventh prize, putter and ball— 
James Q. Osborne, DeLaval Steam Tur- 
bine Company, Seattle, Wash. 

Eighth prize, putter and ball—J. L. 
Hill, Pacific States Cast Iron Pipe Com- 
pany, Provo, Utah. 

Ninth prize, raincoat—H. D. Fowler, 
Pittsburgh-Des Moines Steel Company, 
Seattle, Wash. 


Tenth prize, raincoat—David E. Wall- 
bom, accountant, Seattle, Wash. 

Eleventh prize, one-half dozen golf 
balls—S. J. Benedict, assistant engi- 
neer, Water Bureau, Portland, Ore. 

Twelfth prize, one-half dozen golf 
balls—Alex Lindsay, superintendent 
Water Department, Spokane, Wash. 

At the business session the following 
officers were elected: 


Chairman—Alex Lindsay, superin- 
tendent Water Department, Spokane, 
Wash. 


Vice-chairman—Carl A. McClain, 
general superintendent-secretary, Eu- 
gene Water Board, Eugene, Ore. 


Secretary-treasurer—R. F. McLean, 
superintendent Water Department, 
Walla Walla, Wash. 


Director—R. H. Corey, division engi- 
neer, Public Woiks Engineering Cor- 
poration, Salem, Ore. 


Director (hold over)—Fred J. Shar- 
key, superintendent Water Department, 
Wenatchee, Wash. 


W. A. Kunigk, superintendent Water 
Division, Tacoma, Wash., was elected 
National Director, to hold office until 
1932. 

Ko 

Water-Works Systems in Ontario.— 
In the province of Ontario 308 water- 
works systems are in operation and 
supply municipalities having a total 
population of over 2,000,000. This is 
equivalent to over 65 per cent of the 
total population of the province. The 
population of Ontario is usually re- 
garded as being about 50 per cent rural. 
These systems are nearly all publicly 
owned and operated. It is the excep- 
tion rather than the rule to find a sys- 
tem of any size which is not owned by 
the municipal corporation. These sys- 
tems distribute nearly 350,000,000 gal. 
of water per day, the majority of which 
is unmetered and supplied at a very 
reasonable charge to the consumer. 

The following table indicates the 
number of systems supplied from vari- 


ous sources: 
Total Per Cent 
Numbers of Total 


Springs 
Lakes 
Rivers, etc. 











The New Filtration Plant at Sheboygan, Wis. 


Plant Now Under Construction Has 12-M.G.D. Capacity, Supplemented by 1,750,000-Gal. Clear-W ater 
Reservoir—Capacity and Provision for Expansion Allow for Future Growth of City 


By CHARLES B. BURDICK 


Alvord, Burdick & Howson, Consulting Engineers, Chicago, IIl. 


HE plant now under construction 

at Sheyboygan, Wis., for filtering 
the city water supply from Lake Michi- 
gan has a rated capacity of 12 m.g. per 
24 hours. | 

The Sheboygan water works is situ- 
ated on the lake shore in the northern 
part of the city and adjoins Vollrath 
Park. The present pumping station, 
built many years ago, but added to 
from time to time with the growth of 
the city, has drawn its supply by suc- 
tion and pumped it into the city mains 
against direct pressure. 

The filtration plant now under con- 
struction adjoins the pumping station 
upon the south and occupies the top 
and slope of a clay bluff rising to a 
maximum height of 48 ft. above the 
lake. A portion of the plant is built 
directly upon the beach and is pro- 
tected by a suitable breakwater. The 
new plant includes a low-lift pumping 
installation taking water from the old 
intake shaft and discharging it through 
mixing tanks, coagulating basins and 
gravity mechanical filters into a clear- 
water reservoir occupying the space 
beneath the filters and with an exten- 
sion forming a covered reservoir ac- 
commodated on what was the beach of 
Lake Michigan. 

Population and Water Consumption. 
—The present population of Sheboygan 
is approximately 40,000. 

During the past 15 years, the pump- 
age has grown from 3.3 to 5.6 m.g.d. 
At the present time, 47 per cent of 
the consumers are metered. During 
the past year pumping rates were as 
follows: 


Average 24 hours 
Greatest 24 hours. 
Peak rate—greatest hour 








The plant capacity of 12 m.g., sup- 
plemented by 1,750,000 gal. in clear- 
water storage, is estimated to be suffi- 
cient for present requirements and to 
allow for a moderate future growth. 


In adding filtration to the existing 
pumping operations, it seemed desirable 
that the two should be closely coordi- 
nated so that the operations of pump- 
ing and filtering could be carried on 
with a minimum labor force. The plan 
as laid down contemplates future con- 
struction in units in order that the 
plant may be extended to accommodate 
the future growth of the city. 

The plant throughout is built of fire- 
proof construction, there being no wood 
about the plant except in window 
frames and doors. An effort has been 
nade to build a plant of good appear- 


ance. It is believed to be a good busi- 
ness policy for a water board, ably and 
economically conducting its affairs, to 
have a proper regard for appearance 
in the structures built. The greater 
part of any investment is necessarily 
buried beneath the ground. The public 
is likely to judge as to its excellence 
by the small part of it that is visible. 

Details of Plant.—The general form 
and dimensions of the plant are shown 
upon the accompanying drawings. A 
new breakwater consisting of a double 
row of piles supporting steel sheeting 
20 ft. long and extending 6 ft. above 
the normal lake level, protects the site 
of the new plant. The length of shore 
line protected is about 40 ft. Break- 
water construction is supported by 
anchor piles and steel rods buried be- 
neath the terrace which adjoins the 
clear-water reservoir on the lake side 
thereof. The bottom of the clear-water 
reservoir is 1 ft. above normal lake 
level. This reservoir contains 20 ft. 
of water. It has vertical sides and a 
flat reinforced-concrete roof covered 
with 1 ft. of earth and sodded. 


Filters are superimposed on the top 
of the westerly end of the clear-water 
reservoir. Coagulation basins and a 
headhouse containing chemical storage 
facilities and a laboratory are situated 
on the gradually ascending ground on 
the slope of the bank of the lake with 
only moderate depths of cutting. The 
different parts of the plant are thus 
arranged at elevations suitable to carry 
the water through the plant with no 
unnecessary head losses. 


The filter-plant building is con- 
nected to the present pumping station 
by means of a small enclosure housing 
the low-lift pumps, together with an 
office, hallway, toilet and locker room 
for the use of the men in the filter 
building and also for the use of the 
men in the present pumping station. 
By this arrangement, it is possible to 
pass from any part of the pumping 
station to any part of the filter plant 
entirely within doors. 


Description of Equipment.—The sizes 
and capacities of the various parts of 
the plant can perhaps best be described 
by starting at the present intake well 
and following the water throughout the 
plant. 


Water is drawn from the present in- 
take well through two suction pipes by 
the low-lift pumps, discharging under 
a head of approximately 50 ft. and de- 
livering to either of two mechanical 
mixing tanks immediately under the 
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entrance to the filter house. Each tank 
has a water capacity equivalent to 11 
minutes of mixing time or 22 minutes 
total time at the rated capacity of the 
plant. The average mixing time will 
be about double these figures. Water 
will then pass from either or both these 
mixing tanks to either of two coagu- 
lating basins, providing a total coagu- 
lation period of three hours at the rated 
capacity of the plant. After coagula- 
tion, the water passes to the pipe gal- 
lery which adjoins the coagulating 
basin on its easterly side and thence 
passes to any or all of six mechanical 
filters each having a rated capacity of 
2 m.g.d, or 12 m.g. total. 

The mixing tanks, which are square 
in horizontal cross-section, form the 
cellar of the headhouse. The mechani- 
cal agitation equipment and the dry 
chemical feeders occupy the ground 
floor of the head house. Agitating 
equipment is water-motor operated. 
Coagulent storage and the plant labo- 
ratory are on the second floor of the 
headhouse. Chemical is brought in by 
truck and lifted to the storage space 
by elevator, and thence feeds by grav- 
ity. 

The filters are arranged in one row 
with the pipe gallery intervening be- 
tween the filters and the coagulation 
basins, thus avoiding any possibility of 
leakage entering the clear-water reser- 
voir. Filters, coagulating basins and 
clear well, together form a rectangle 
which can be enlarged in the future by 
extending each unit southward. 

Filters are equipped with the usual 
hydraulic valves, perforated cast-iron 
pipe laterals, cast-iron wash troughs 
and the customary appurtenances of a 
modern filter. 

Filtered water is discharged directly 
from each filter into a conduit sus- 
pended from the filter floors, in order 
to assemble all of the water at one 
place for chlorination as it drops into 
the clear-water reservoir. 

Water for washing the filters is sup- 
plied from a 100,000-gal. steel tank 
28 ft. in diameter and 23 ft. high set 
on the top of an old foundation for- 
merly occupied by a standpipe on the 
southerly part of the water-works Jot. 
This ground is sufficiently elevated to 
provide the necessary head for filter 
washing. The tank is enclosed by an 
attractive masonry structure also ac- 
commodated on the old standpipe foun- 
dation. 


Provision is made for the aeration of 
the water by a fountain placed on top 
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of the coagulating basin and immedi- 
ately in front of the filter house. Pipes 
and valves are so arranged that under 
ordinary circumstances the aerators 
will not be used, 

The driveway affording entrance to 
the plant comes in from the high 
ground lying shoreward directly over 
the top of the coagulating basins. The 
tops of these basins, which are sodded 
over, form the “front yard” of the fil- 
tration plant, so to speak. The elevation 
of this construction and the filter house 
very largely hide the old pump house 
which occupies low ground immediately 
to the north. The main entrance to the 
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Section Through Sheboygan, Wis., Filter Plant 





combined pumping and filter plant will 
be through the filter house. 

This plant is being engineered in co- 
operation with the Jerry Donohue En- 
gineering Co., of Sheboygan. 

With the completion of this plant, 
another will be added to the growing 
number of cities that find it worth 
while to treat the water of Lake Michi- 
gan, thus getting a clean water all the 
time, and obviating excessive chlorina- 
tion. 

Acknowledgment.—The foregoing pa- 
per was presented at a meeting of the 
Illinois section of the American Water 
Works Association at Chicago on April 
23. 
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Water Bills Mailed as Meters Are 
Read.—A change has been made in the 
date of mailing water bills in Brook- 


line, Mass. Heretofore they have been 
mailed the first of each quarter. Here- 
after, bills to be rendered will be mailed 
as the meters are read. By this 
method the consumer is at once ad- 
vised of any increase in his bill, and 
both the billing and the accounting can 
be extended over a period of nearly six 
weeks, which is for the best interest 
of both the water and the treasury de- 
partment. 
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General Plan, Sheboygan, Wis., Filter Plant 
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The Removal of Iron from the Water Supply 
of Punta Gorda, Fla. 


Plant Built at Small Cost Reduces Iron Content from 19.6 to 0.1 P.P.M.—Use of City Water 
Doubled as a Result of Installation 


HE water supply for the city of 

Punta Gorda is obtained from five 
6-in. wells which are screened between 
depths of 60 and 90 ft., the water 
coming from a fine-sand stratum be- 
tween these two points. These wells 
were put down in 1925 to replace the 
old deep flowing wells which were 
heavy in sulphur and hardness, in an 
attemp to get softer water and water 
free from sulphur. The new wells 
yielded a very good quality of water 
for several months, but continual 
pumping brought about a continual in- 
crease of iron and magnesia content, 
so that in 1929 the water contained 
19.6 p.p.m. of iron and magnesia, and 
the water became very objectionable, 
both as to taste and stains resulting 
from its high iron content. 

Punta Gorda was confronted with the 
necessity of doing something and of 
doing it at a time when its finances 
were very limited. It was not thought 
necessary at this time to attempt to 
soften the water, but was considered 
sufficient simply to remove the iron 
and sulphur and, if possible, do this 
without the use of chemicals. Experi- 
ments to this end were carried on over 
a period of about 18 months. It was 
then decided to use aeration in con- 
nection with an upward-flow contact 
filter. This plant was built at a very 
small cost and has proved very satis- 
factory. With it we were able to re- 
duce the iron content from 19.6 p.p.m. 
down to 0.1 of 1 p.p.m. 

It is a known fact that iron in solu- 
tion when mixed with oxygen will form 
a reddish-brown precipitate of iron 
oxide; this precipitate has a tendency 
to cling to any smooth surface and, if 
the surface is already coated with a 
thin coating of iron oxide, it will cling 
much more readily. This principle is 
taken advantage of in our iron removal 
plant. 

The well water is pumped through a 
4-in. pipe to the top of a square wooden 
tank 5 ft. wide, 10 ft. long and 4% ft. 
high. This wooden tank is filled two- 
thirds full of broken pieces of terra- 
cotta pipe, over which the raw water 
is distributed through 12 %-in. holes 
tapped into the 4-in. pipe. The splash- 
ing of the water over the pieces of 
broken terra-cotta pipe is all the aera- 
tion it receives. Leading from the bot- 
tom of this open-top tank which we call 
the aeration tank, we have placed a 
4-in. angle valve by means of which 
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the water level in the aeration tank 
may be regulated. The aeration is 
regulated by controling the discharge 
with the angle valve, thereby control- 
ing the depth of submergence of the 
broken pieces of terra-cotta pipe. It 
is necessary to provide for this regu- 
lation so as to prevent excesive aera- 
tion, as excessive aeration, depending 
on the amount of organic matter in the 
water, may prevent proper functioning 
of the gravel filter through which the 
aerated water later passes. 

Immediately beneath the aeration 
tank is another square wooden tank 
5 ft. 8 in. wide, 11 ft. long and 9 ft. 
deep, which contains the gravel filter. 
The aerated water flows by gravity into 
an upright 8-in. open-end standpipe, the 
top of which is 5 ft. above the top of 
the lower tank, from which it is con- 
ducted to the bottom of the wooden 
tank just mentioned and distributed 
over the bottom by means of a crow- 
foot arrangement, consisting of one 
piece of 8-in. pipe, 10 ft. long, and 20 
pieces of 2-in. pipe leading from this 
and spaced every 6 in. There are 10 
%-in. holes spaced every 6 in. in each 
2-in. pipe, and these holes face down- 
ward toward the bottom of the tank. 
This gives an even distribution of wa- 
ter all over the bottom of the tank so 
that the water flows upward through 
the upward-flow gravel filter. This 
filter was built out of smooth pebble 
gravel. The first or bottom layer is 
composed of gravel from 1 to 2 in. in 
diameter, and is 18 in. thick. The next 
stratum above is composed of gravel 
from % to 1 in. in diameter, and is 12 
in. thick. The next stratum is gravel 
% to % in. in diameter, and is 12 in. 
thick. The next stratum is gravel % 
to % in. in diameter, and is 18 in. thick. 
The last stratum, which is the top 
stratum, is of gravel 1/12 to % in. in 
diameter and is 24 in. thick. This 
makes the total depth of gravel bed 7 
ft., which, after the agitation caused 
by washing, forms an evenly-graduated 
gravel filter bed with coarse 2-in. gravel 
at the bottom, decreasing to 1/12-in. 
gravel at the top. 

The aerated water falls by gravity 
into the 8-in. standpipe which conducts 
it into the bottom of the gravel bed, 
is distributed by means of the crow- 
foot arrangement and flows upward 
through the gravel bed at the rate of 
2% g.p.m. per square foot of hori- 
zontal filter area. The aeration of the 
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water has been controlled so that the 
oxidation of the iron takes place and 
is completed while the water is pass- 
ing through the gravel bed. This is 
necessary because it is found that if 
the water receives too much aeration 
the precipitate of iron oxide will form 
before the water gets to the gravel bed 
and a portion will pass through without 
clinging to the gravel. After the wa- 
ter passes upward through the gravel 
bed it is perfectly clear and is carried 
off to a clear well through an overflow 
pipe approximately 12 in. above the top 
of the gravel bed. From this overflow 
pipe the water splashes into an open 
wooden tank, giving it a further aera- 
tion, which removes part of the excess 
carbon dioxide. From this last aeration 
tank the water flows by gravity into 
a 275,000-gal. concrete reservoir, from 
which it is pumped into the mains. 


As the gravel filter gets loaded with 
iron the head necessary to force the 
water upward through the gravel bed 
increases. This causes the water to 
stand higher in the open-end 8-in. 
standpipe, and when it rises high 
enough to overflow, the standpipe is 
necessary to downwash the filter. 
Downwashing is accomplished by open- 
ing an 8-in. valve which allows the 
water in the gravel bed to flow rapidly 
downward and out through the crow- 
foot arrangement in the bottom of the 
bed and thence to a waste pipe. In 
downwashing the water level in the bed 
is only lowered down to the surface 
of the gravel bed. Care should be 
taken not to let the water surface get 
below the top of the gravel bed in order 
to keep air from getting in. Down- 
washing this plant requires only about 
450 gal. of water, and when running 
the plant continuously it is necessary 
to downwash once every 24 hours. 
When it becomes necesary to down- 
wash more frequently than once every 
24 hours (which is usually once a 
week) the gravel bed is upwashed. 


Upwashing requires 15 g.p.m. per 
square foot of horizontal area of gravel 
bed. In our case 1,000 g.p.m. is forced 
upward through the crow-foot arrange- 
ment at a pressure of 75 lb. per square 
inch. This agitates the whole filter bed 
and rubs each piece of rock against its 
neighbor which scrapes off all the sur- 
plus iron clinging to it. The iron all 
boils to the top of the filter and passes 
out through an overflow pipe to a waste 
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pipe. Approximately 3,000 gal. of 
water are required to upwash the filter. 


After upwashing the filter it is nec- 
essary to leave the waste overflow open 
until the water coming from the grave) 
bed is again clear. This usually re- 
quires from five to ten minutes, after 
which the clear water may be again 
diverted into the reservoir. 


The capacity of the gravel bed de- 
scribed is 166 g.p.m., or 2% g.p.m. per 
square foot of gravel bed. The gravel 
bed never needs changing; on the con- 
trary, the longer it remains in use, the 
better it works. It will be noted that 
very little water is wasted compared to 
the gross amount of water passing 
through the plant. This plant has a 
capacity of approximately 230,000 
g.p.d., of which less than one-half of 
one per cent is lost in washing proc- 
esses. It requires no especial attention 
with the exception of downwashing 
once a day and upwashing approxi- 
mately once a week. No chemicals are 
added to the water at all. 


Means are provided in the piping and 
connections to control every phase of 
operation, and platforms are provided 
giving access to all parts of the plant 
for ease of inspection and operation. 
The plant is also constructed so that 
with very little expense it may be in- 
creased to twice its present capacity. 


The size of a plant of this kind is 
limited only by the amount of water 
available for upwashing, since this re- 
quires 15 g.p.m. per square foot of 
horizontal area of gravel bed; however, 
any number of gravel bed units could 
be built, of a size limited by the vol- 
ume of wash water available and ar- 
ranged so that they could be washed 
one at a time. 


The city of Punta Gorda has two 
1,000-g.p.m. emergency pumps for fire 
protection and one of these pumps is 
used in upwashing our filter. 


Because of the improved quality of 
the water, our water sales have doubled 
since installation of this plant, and it 
is estimated that the plant paid for it- 
self in four months’ time as a result of 
the increased use of city water. This 
increase is largely due to the fact that 
our city water may now be used for 
lawn sprinkling purposes, whereas the 
old water contained enough iron to 
stain grass, foliage and_ buildings 
wherever it was used for lawn sprin- 
kling. 

It is very difficult for anyone to ap- 
preciate the enormous amount of iron 
in a day’s supply of water such as ours, 
without watching the effluent of the 
downwashing process, which appears to 
the eye to be just so many gallons of 
red barn paint. 


Acknowledgment.—The foregoing pa- 
per was presented at a meeting of the 
Florida section of the American Water 
Works Association. 
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Blasting to Increase Supply 
of a Well 


Explosives were successfully resorted 
to for enlarging a bore hole and in- 
creasing the flow of water from a well 
in a recent instance, according to “En- 
gineering” (London). A 24-in. hole 
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Section of Well Showing Deflections and Cavity 


had been drilled to a depth of 400 ft. 
Upon tests, the supply of water was 
found to be disappointing, as barely 
30,000 g.p.h. could be pumped; to ob- 
tain this yield, the level dropped to 
120 ft. below the surface. The sup- 
ply of water came from a chalk forma- 
tion, which was reached at a depth of 
200 ft. below the surface. 


After considerable discussion of the 
problem, it was decided to attemp to 
increase the supply by blasting. The 
opinion was advanced that better re- 
sults would be secured if the explo- 
sives were placed, not in the hole itself, 
but at a distance of several feet out- 
side its circumference. In this way, it 
was contended, the chalk would be 


loosened and driven toward the hole; 
whereas firing of the charge within the 
hole might be expected to compress the 
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surrounding strata of chalk. Th 
cheapest method of placing such ex 
plosives appeared to be to drill deflect- 
ed holes, branching off from the mai: 
hole at the proper depth below the sur. 
face. This is shown in the accompany 
ing sketch. 


A specially-designed deflecting too 
was lowered into the bore hole and : 
6-in. deflected hole was drilled for : 
distance of 60 ft., starting at a dept! 
of 265 ft. below the surface. It was 
calculated that, after drilling 60 ft. 
the deflection had reached a deviation 
of about 4 ft. out of the vertical from 
the center-line of the bore hole. A 
charge of dynamite was then lowered 
to the bottom of the deflected hole and 
fired electrically. The deflecting tool 
was then raised 20 ft. and turned 
through an angle of 90 deg., and a sec- 
ond deflected hole was put down in a 
similar manner to the first, starting at 
250 ft. below the surface. A charge of 
dynamite was now exploded in this 
hole. The deflector was then removed 
and a considerable amount of débris 
shelled out of the main bore hole. 


The effect of the shots became ap- 
parent immediately in that the flow 
was more than doubled. This was con- 
sidered satisfactory, and further defiec- 
tions and charges were deemed unnec- 
essary. When the well was _ tested 
subsequently it was found possible to 
pump approximately 76,000 g.p.h., the 
water level falling to only 65 ft. below 
the surface. In effect, a cavity had 
been formed equivalent to a dug well 
at the desired spot, where the water 
was most likely to be found, but at a 
fraction of the cost of a dug well. 


<i 
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Longview, Wash.,’ Water 


Works Plans Expansion 


The Washington Gas & Electric Co., 
owners of the water works system at 
Longview, Wash., has instructed 
Stevens & Koon, consulting engineers, 
Portland, Ore., to prepare plans and 
specifications for water works improve- 
ments to be built during the coming 
season. 


The project will consist of a modern 
gravity-type filtration plant, an addi- 
tional reservoir, a steel pumping main, 
an intake, pumps, motors and auxiliary 
equipment for a complete new water 
supply. The work to be done now will 
consist of three 1-m.g., units of a plant 
which may be expanded to a total 
capacity of 12,000,000 g. p.d. The cost 
of the work to be done this year will 
exceed $200,000. 


It is expected that proposals for res- 
ervoir construction will be taken dur- 
ing May and for the other units of the 
plant as rapidly as the plans and speci- 
fications can be prepared. 
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Status of and Progress in Sanitary Engineering 


Recent Progressive Steps in Water Purification, Sewage Treatment, Disposal of Refuse, 


T the annual convention of the 
American Society of Civil Engi- 
neers last January, an interesting re- 
port was submitted by the committee of 
the sanitary engineering division of the 
society. The report was prepared by 
Cc. A. Emerson, Jr., chairman, H. B. 
Cleveland, H. F. Ferguson, J. C. Prit- 
chard, and Robert Spurr Weston. The 
purpose of this report was to mention 
briefly certain progressive steps in the 
science of sanitary engineering during 
the past few years as applied to the 
purification of public water supplies, 
treatment of sewage, refuse disposal 
and air conditioning. The report, 
which is reprinted below from the 
March Proceedings of the American 
Society of Civil Engineers, was not in- 
tended as a complete chronicle of ad- 
vancement in the above mentioned 
branches, nor was it an attempt to 
review or establish the status of the 
entire field. 


Water Supply 


During the past year or so there has 
been real progress in that part of the 
field of water supply which includes 
improvement in the color, odor, and 
taste of waters, and in devising im- 
provements in the art of water soft- 
ening. 

Color Removal.—Methods for the 
removal of color have been greatly re- 
fined. In past years methods other 
than storage depended largely on the 
unmodified treatment of the water with 
sulfate of alumina, with and without 
the addition of alkali, and preceded in 
some cases by treatment with chlorine. 

In many cases where the iron con- 
tent of the coloring matter is high, it 
has recently been found that super- 
chlorination followed by de-chlorination 
will greatly facilitate subsequent co- 
agulation with the usual chemicals. 
This is because the chlorine oxidizes 
the organic matter which, with iron, 
largely constitutes the color in water. 
Certain kinds of color are difficult to 
coagulate and precipitate unless oxid- 
ized by storage or super-chlorination. 

Chlorine in combination with ferrous 
sulfate, the so-called chlorinated cop- 
peras, has been used by Hedgepeth and 
his associates for de-colorizing the 
highly colored water at Elizabeth City, 
N.C. This chemical used as a primary 
coagulant and followed by treatment 
with sulfate of alumina and lime effects 
a marked reduction in cost of chemicals, 
besides producing a water of superior 
appearance. 

At the Lawrence (Mass.) Experi- 
ment Station, H. W. Clark has shown 
that filters loaded with ferric hydrate 
are efficient for removing color. The 
direct addition of this chemical in prac- 


and Air Conditioning 


tice is almost unknown, although it has 
been used experimentally by several in- 
vestigators—most recently by Edward 
S. Hopkins with the turbid and colored 
Baltimore, Md., water. It will be rec- 
ognized that ferric hydrate is the co- 
agulating chemical formed when fer- 
rous sulfate and lime are added to a 
water containing oxygen; it has been 
used for some time at St. Louis, Mo., 
New Orleans, La., Cincinnati, O., and 
other places. 


Increased economy in color removed 
has been effected by controlling the 
hydrogen-ion concentration of the 
treated water and by improved mixing 
and stirring devices. Through the use 
of the hydraulic jump, the Venturi 
throat, and impellers of pumps, chem- 
icals are rapidly dispersed in water, 
and the slow velocities, so essential to 
the formation of well-dehydrated flocs 
in clear and colored waters, are pro- 
cured by the use of mechanical stirrers 
and other basin arrangements. These 
modifications enable approach to the 
ideal decrease in velocity, roughly para- 
bolic, between chemical application 
and filtration. 

Filter Operation.—Progress has been 
made in methods for maintaining filters 
free from mud-balls in cases where 
high velocity washing at customary 
rates does not suffice. The use of air 
during washing has been of some bene- 
fit. Good results are obtained by wash- 
ing the surface layers of the sand with 
water applied through a grid of pipes 
pierced with holes, and placed near the 
elevation of the surface of the sand 
when at rest. 


Since 1928, a committee of the divi- 
sion has been considering filtering ma- 
terial for sewage and water treatment 
works, and experiments in small glass 
filter tubes have been conducted at 
various plants under the direction of 
James W. Armstrong, of Baltimore, 
Md., to determine the optimum size of 
sand grains and the best depth and 
grading of sand beds to meet the re- 
quirements of water of different types. 
No definite findings have resulted as 
yet from these experiments, but prog- 
ress was noted in a paper recently pre- 
sented by Paul Hansen at the conven- 
tion of the Southwest Water Works 
Association. 

Recently, Messrs. Hulbert and Her- 
ing, of Detroit, Mich., in a paper pre- 
sented before the Central Water Works 
Association, entitled “Studies on the 
Washing of Rapid Filters,” demon- 
strated that clean sand is essential to 
uniform and normal filter operation, 
and that sand may be maintained in a 
clean condition by washing at a rate 
to produce a 50 per cent or 60 per cent 
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expansion of the sand bed. Because the 
viscosity of water varies with the tem- 
perature, higher rates of wash-water 
application are required for higher 
temperatures. For example, it was 
found at Detroit that a wash-water 
velocity of 30 in. per minute was re- 
quired to produce a 60 per cent expan- 
sion of a given sand at a temperature 
of 32 deg. Fahr.; a velocity of 45 in. 
per minute was required to produce the 
same result at a temperature of 70 deg. 
F. 


Messrs. Hulbert and Hering have 
shown that these high rates require 
little more, if any more, wash water in 
the aggregate; but before they can be 
applied, the sand must be cleaned. They 
use a caustic soda solution, together 
with washing of the sand by a %-in. 
nozzle jet. 


At Cleveland, O., throughout 1929 the 
rate of sand expansion during filter 
washing was maintained at approxi- 
mately 50 per cent, and W. C. Law- 
fence reported a reduction of about 11 
per cent in wash-water requirements as 
compared with the preivous year when 
filters were washed by a uniform rate 
of application of wash water. Due to 
this change in method, about 36,000,000 
gal. of costly wash water were saved, 
and filter runs were materially in- 
creased without deterioration of the 
filter effluent. Maintenance of a con- 
stant rate of sand expansion during 
filter washing has likewise proved ad- 
vantageous at the new St. Louis plant. 


Odor and Taste.—Phenolic and chloro- 
phenolic odors, due to wastes from by- 
product coke ovens, from gas-works, 
and from some wood distillation proc- 
esses, have been extremely trouble- 
some, especially in the Middle West, 
and new methods have been devised 
for their removal. Super-chlorination 
followed by de-chlorination is efficient 
in some cases, notably at Toronto, Ont., 
Canada, but in others it has been found 
of little value. 


Progress has also been made by re- 
covering the objectionable by-products 
at the coking plant before the wastes 
are discharged. The evaporation of these 
wastes by using them to quench the 
glowing coke from the ovens, which 
method was unsatisfactory to the man- 
ufacturer, is being supplanted by 
phenol recovery processes based on 
absorption of the phenolic bodies in 
scrubbers using light oil, benzene, or 
caustic soda. The patented Koppers 
process, efficient in several cases, which 
uses caustic soda as an absorbent, and 
which is said to recover from 95 to 98 
per cent of the phenols, has recently 
been installed at Hamilton, O., at a 
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plant which has a daily coking capac- 
ity of 1,200 tons. 

Baylis, at Chicago, IIl., and investi- 
gators abroad, have shown experimen- 
tally the efficiency and economy of ac- 
tivated carbon for removing odor due 
to excessive chlorine or to chloro- 
phenols. By its use, waters may be 
over-treated with chlorine, and un- 
pleasant tastes removed with little 
trouble, at an estimated cost, at Chi- 
cago, of $1.50 per 1,000,000 gal. The 
largest installation of activated carbon 
filters is the recent one at Barmen- 
Elberfeld, Germany. 

River waters highly polluted by sew- 
age and certain trade wastes some- 
times have unpleasant odors and tastes 
even after treatment with chlorine and 
coagulating chemicals followed by fil- 
tration. These are due to by-products 
of decomposition. Intensive chemical 
treatment does not remove them, but 
treatment with activated carbon is ef- 
fective and satisfactory. 

Pre-ammoniation as a preventative 
of chloro-tastes as suggested by Sir 
Alexander Houston, of London, Mc- 
Amis, of Greenville, Tenn., and others, 
has been successfully used by C. H. 
Spaulding, at Springfield, Ti., in treat- 
ment of Sangamon River water which 
has a high B. coli index. Treatment 
with ammonia prior to chlorination in- 
creased the efficiency of the latter 
process and prevented occurrence of 
tastes due to chlorine and chlorine 
compounds. The process is especially 
efficient when the water has a normal 
or low pH-value. The process has also 
been investigated extensively at Cleve- 
land, O. 

Among the large plants which have 
gone into service recently is the plant 
at Providence, R. I., where both in- 
fluent and effluent are aerated, and 
where the mixing and coagulation proc- 
esses have followed the results of re- 
cent research; also, two plants for 
handling hard and turbid waters at 
Kansas City and St. Louis, Mo. 

At the two Western plants large 
quantities of silt have to be handled, 
and mechanical apparatus similar to 
that of sewage treatment practice has 
been installed for the continuous re- 
moval of the results of both plain 
subsidence and coagulation. The pre- 
liminary tanks, or clarifiers, at Kansas 
City are circular, whereas those at St. 
Louis are square. At St. Louis a 
period of 2% hours is allowed for 
removing the silt by plain subsidence, 
after which chemicals are applied and 
the treated water is passed through 
circular mixing tanks. Then follows 
a 2%-hour period of coagulation in 
mechanically cleaned clarifiers, from 
which the sludge is pumped back into 
the preliminary subsidence clarifiers. 
It will be noted that, in these plants, 
the main improvements are the use of 
mechanical devices to replace cleaning 
by hand, and the utilization of the co- 
agulating effect of sludge from the co- 
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agulating basin on the silt contained 
in the raw water. 

At St. Louis, it is proposed to over- 
treat the water with lime and re-car- 
bonate the lime-treated water before 
filtration, following the practice at 
plants which are concerned primarily 
with softening of water, such as Co- 
lumbus and Newark, O., and South 
Pittsburgh, Pa. 

Water Softening.—This oldest of 
purification processes has perhaps been 
changed the most of all during the past 
three years. 

Through the work of C. P. Hoover 
and others, the Clark process, now 
more than 80 years old, has been im- 
proved by adding lime in excess, there- 
by precipitating the magnesium as 
hydrate and reducing the hardness of 
the treated water to 25 or 30 parts per 
million instead of the 60 or 80 parts 
per million that formerly obtained in 
municipal practice. The excess lime 
is removed by subsequent treatment of 
the causticized water with carbon di- 
oxide gas. Carbon dioxide in concen- 
trated solution is also used to prevent 
and remove accumulations of carbon- 
ates in filters, which were long a 
troublesome factor in the softening 
process. 

Sodium aluminate is used in some 
cases in connection with the lime and 
soda process to provide better coagu- 
lation and removal by filtration of the 
chalky turbidity which results from 
treatment with lime and soda. Ferrous 
sulfate also has been used for this same 
purpose for several years. 

Great progress has also been made in 
the softening of water for stationary 
and locomotive boilers. Here heat 
treatment is extensively used to com- 
plete the softening reaction, and the 
chemical treatment has been carefully 
studied and greatly improved, espe- 
cially that of waters for modern high- 
pressure boilers. 

The physical and mechanical im- 
provements in the coagulation process 
which have been used so beneficially 
for color removal, have been found 
really essential in the softening proc- 
ess. Here, because of the great bulk 
of precipitate to be handled, mechani- 
cally stirred, and cleaned, re-action 
tanks and settling basins are rapidly 
coming into favor. The use of me- 
chanical devices favors the pumping 
back of sludge to promote precipita- 
tion in the basin by increasing the mass 
of precipitate, an advantage long known 
to chemists, but not readily taken in 
practice until the introduction of these 
mechanical devices. 

While the lime-soda process is the 
one most commonly used, the zeolite 
process, either alone or as a supple- 
ment to lime treatment, is coming into 
favor for municipal use. The choice 
between zeolite and soda treatment is 
determined largely by the relative costs 
of soda for softening and of salt for 
regenerating the zeolite. Zeolite with- 


out the help of lime treatment is not 
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in favor for extremely hard waters, on 
account both of the high concentration 
of the sodium salts which would re- 
place the equivalent calcium and mag- 
nesium salts, and of the cost of salt 
for regeneration. 

The first large zeolite plant, that of 
the Ohio Valley Water Co., has been 
followed by one at Sewickley, Pa., in 
which zeolite made from glauconite 
(green sand) takes the place of the 
sand in the usual mechanical filter 
plant. The former of these plants has 
been in successful operation for more 
than two years; the latter is newer, but 
good reports are given of it. In 1928, 
the Village of South Orange, N. J., in- 
stalled a zeolite filter, using an arti- 
ficial zeolite (Doucil). This plant has 
been in successful operation for about 
a year. Artificial zeolites have the 
advantage of greater softening power, 
but cost more per pound. This addi- 
tional cost, however, is often out- 
weighed by the higher efficiency and, 
consequently, the smaller size and cost 
of the softening apparatus. Most zeo- 
lite processes are controlled by patents. 

The battle against water-borne ty- 
phoid fever has been nearly won, and 
there are but few supplies in American 
cities which are unsafe from a sanitary 
standpoint. Many of the safe sup- 
plies, however, are disagreeable and, 
as standards rise, more and more atten- 
tion is being given to obtaining waters 
which are softer and of good appear- 
ance. It is in this field that the great- 
est progress in the art of water puri- 
fication is being made, and it is in this 
direction that the older processes are 
being improved and that more knowl- 
edge is resulting in better practices. 

Steps for the development of addi- 
tional sources of water supply adequate 
for contemplated future needs of great 
metropolitan areas have _ recently 
caused two noteworthy actions at law 
in the Eastern states to determine 
rights to the waters of interstate 
streams. 

The states of New Jersey and Penn- 
sylvania have petitioned the United 
States Supreme Court to prevent the 
City of New York from carrying out 
plans for the diversion of a part of the 
waters of the Upper Delaware River 
as an additional source of municipal 
water supply. This suit was instituted 
after failure of the legislatures of 
Pennsylvania and New Jersey to ratify 
tri-state compacts which had twice 
been proposed between these two states 
and the state of New York. 

The other action refers to the Con- 
necticut River and was instituted in 
the United States Supreme Court by 
the state of Connecticut against the 
Boston Metropolitan District Water 
Supply Commission to enjoin diversion 
of the waters of the Swift and Ware 
Rivers which are tributaries of the 
Connecticut, through the Chicopee 
River. 

Sewage Treatment 


While present-day methods of sew- 
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-ge treatment differ greatly from those 
£ 80 years ago, progress has been 
eradual and, during the past few years, 
has consisted of modification and im- 
provement of existing, rather than de- 
velopment of new, processes. 

There is increasing official realization 
of the value of co-operative action by 
adjoining municipalities forming a 
natural drainage district for the solu- 
tion of sewerage and sewage treatment 
problems, and of the importance of uni- 
form and concerted action on the part of 
neighboring states, comprising the wa- 
tersheds of great rivers, for control of 
the general stream-pollution problem. 
This is evidenced by legislation in vari- 
ous states during the past few years 
and the subsequent formation of several 
district or county sewerage commis- 
sions, as well as by the agreements 
entered into by the health officials of 
the states bordering upon the Delaware 
and Ohio Rivers and upon the Great 
Lakes. 

There has been an increase in vol- 
ume of research work and a growing 
tendency to place sewage treatment 
works under the supervision of tech- 
nically trained operators provided with 
suitably equipped laboratories. Al- 
though the number of sewage treat- 
ment works is increasing annually, dis- 
posal by dilution continues as the pre- 
vailing method for the majority of 
American cities. 

While protection of the public health 
is the major incentive for sewage 
treatment, there is a growing senti- 
ment for maintenance of streams and 
other bodies of water in a sufficiently 
clean condition for recreational pur- 
poses, propagation of fish life, and 
parkway or residential development of 
the shores. The demand is not only 
that waters shall be inoffensive to 
smell, but that they shall be reason- 
ably free from the discoloration and 
oily sleek of industrial wastes. 

The efforts of designers and research 
workers are still directed toward more 
intensive methods of treatment, in- 
creased protection against offensive 
odors, and reduction of operating costs. 
The adoption of recently developed 
pumps for unscreened sewage, and 
semi-automatic power equipment to re- 
place hand labor, or manually con- 
trolled equipment for various operations 
at treatment works, is quite common 
and should tend to an increase in gen- 
eral plant efficiency by the maintenance 
of more uniform conditions. 


Preliminary Treatment.—In a major- 
ity of recent designs, particular atten- 
tion has been given to preparation of 
the sewage prior to its entry into the 
sedimentation tanks, by removal of grit 
and floating solids which are not readily 
susceptible to digestion, or unusually 
productive of offensive odors during 
cigestion. Skimming arrangements are 
often provided for the removal of 
grease, which has been increasingly 
bothersome during recent years. At 





Akron, O., preliminary treatment is 
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provided in short-period detritus tanks 
equipped with grease skimmers and 
power-driven sludge scrapers. Fresh 
sludge is withdrawn to a volume of 
about 20 per cent of the sewage flow 
and, after passing through mechanically 
cleaned grit chambers and fine slotted 
screens, is returned to the inlet chan- 
nel of the main sedimentation tanks. 
Another method is illustrated at Middle- 
town, N. Y., where the entire sewage 
flow is passed through an automati- 
cally cleaned grit sedimentation and 
washing chamber followed by a me- 
chanically cleaned bar screen having 
¥%-in. clear openings. The skimming 
of grease is postponed until the sew- 
age reaches the main sedimentation 
tanks. 

Sedimentation Tanks.—Imhoff tanks 
are still in favor in locations where the 
necessarily deep excavations are not 
too expensive. Collection and burning 
of the gases of digestion for assistance 
in odor control is practiced to some 
degree in several places. The plant 
at New Castle, Pa., is designed for the 
collection of all the gas and has func- 
tioned with reasonable success. During 
1929 daily gas production has been esti- 
mated at an average of approximately 
0.4 cu. ft. per capita, and during the 
winter months it is used to heat the 
plant buildings. 

Several installation of single-story 
plain sedimentation tanks with auto- 
matic power-driven sludge scrapers and 
removers of various designs have been 
placed in service and are operating 
successfully. A desirable feature of 
these installations is the prompt with- 
drawal of material settled from the 
sewage, which is advantageous both 
from the standpoint of digestion of the 
solids and avoidance of occasional de- 
terioration of the effluent due to 
gas-filled masses. The theoretical 
sedimentation capacity in these instal- 
lations range from about 30 minutes 
to 2 hours, depending largely on 
whether the units are preparatory to 
activated sludge treatment or for the 
removal of practically all readily settle- 
able solids. 

Sludge Digestion.—Fresh sludge is 
being treated successfully in separate 
sludge digestion tanks. That the 
period required for digestion of sludge 
may be materially shortened by the 
provision of fixed or floating covers for 
digestion tanks and that the gases thus 
collected may be used to heat water 
circulated in coils in the tanks to main- 
tain temperatures favorable for the 
continuance of bacterial activity dur- 
ing winter seasons, together with con- 
trol of the reaction by addition of lime, 
has been demonstrated at Antigo, Wis., 
Plainfield, N. J., and elsewhere. It is 
rrobable that forthcoming designs will 
provide for less than the present gen- 
erally adopted storage allowance of 2 
cu. ft. per capita. 

Sludge Drying.—Glass_ superstruc- 
tures of the greenhouse type for 
sludge-drying beds have been found to 
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increase the number of applications of 
wet sludge possible throughout a year. 
The efficiency of these structures is de- 
pendent to a large extent on the proper 
direction of air currents over the sur- 
face of the sludge; and the arrange- 
ment of ventilating devices is now 
receiving the increased attention of de- 
signers. 

Direct incineration of fresh sludge 
from settling tanks; de-watering of 
sludge from various types of settling 
tanks by continuously operated vacuum 
filters similar in principle to those in 
service at Milwaukee, Wis., Houston, 
Tex., and other places, for excess ac- 
tivated sludge; digestion of sewage 
screenings; shortening of the sludge 
digestion period by the maintenance of 
relatively high temperatures in diges- 
tion tanks; and several other associated 
problems have been investigated in 
laboratories and studied experimentally 
with promising results; as yet, how- 
ever, they have not been confirmed by 
the continuous operation of full-sized 
plant units. 

With the exception of the Milwaukee 
installation for the manufacture of 
high-grade commercial fertilizer, the 
disposal of dried sludge is by incinera- 
tion, burial, use on the land, or similar 
methods which have been in effect for 
many years. Sludge disposal still re- 
mains a problem. 

Chlorination.—Chlorination in com- 
bination with tank treatment has re- 
cently met with considerable favor 
either for reduction in bacterial content 
of the effluent or for prevention and 
control of odors about the works or in 
the body of water receiving the effluent. 
The action of chlorine in the oxidation 
of volatile products of sewage decom- 
position has received much study. Some 
recent designs have provided for the 
application of the chlorine at the inlet 
or at a point part way through the sedi- 
mentation tanks, thus avoiding the cost 
of separate contact chambers at the 
outlet. 

Oxidizing Devices.—Trickling filters 
and activated sludge treatment are the 
generally accepted methods for the 
oxidation of sedimentation tank efflu- 
ents. The continuing popularity of 
trickling filters is apparently due to 
their relatively low maintenance costs 
and to their record of freedom from 
serious operating difficulties in con- 
tinuous service for 20 years or more. 


Recent installations of relatively 
small activated sludge plants are pro- 
ducing satisfactory results, and are 
receiving increasing attention by de- 
signing engineers. For the large instal- 
lations where high land values and the 
necessity for freedom from nuisance 
conditions are matters of major impor- 
tance, the trend is toward activated 
sludge treatment. This is indicated by 
the selection of the process for the 
recently completed North Side Treat- 
ment Works, in Chicago, having a 
capacity of 175,000,000 gal. daily, and 
for the Wards Island Plant, which will 
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serve parts of the Boroughs of Man- 
hattan and The Bronx in New York 
City, having a dry-weather flow capac- 
ity of 180,000,000 gal. daily. In both 
instances, automatically cleaned sedi- 
mentation tanks were adopted for pre- 
liminary treatment. At Chicago, the 
excess sludge will be pumped about 17 
miles to the West Side sewage treat- 
ment works for digestion in Imhoff 
tanks; at New York it will be trans- 
ported to sea after the removal of 
excess liquid by decantation. 

Mechanical aerators for the agitation 
of the sewage are receiving increased 
consideration in smaller activated 
sludge plants, but in larger installa- 
tions a preference for blowers and 
porous bottom plates continues. 


Refuse Disposal 


At present, the preference in the 
choice of the method of final dis- 
posal of municipal refuse is in favor 
of incineration. This is viewed as sani- 
tary, as most economical, where long 
hauls are required to proper sites for 
reduction plants, and as offering a 
method for combined disposal of gar- 
bage and rubbish in one operation. 

During the past few years some ad- 
vance has been made in the considera- 
tion of refuse collection and disposal 
problems on an independent engineer- 
ing basis, providing for free and open 
competition under carefully prepared 
detailed specifications, guaranties, and 
general plans, particularly as applying 
to the larger cities. 

As concerns installations for the 
smaller cities, there still is a notice- 
able absence of adequate engineering 
service in connection with such impor- 
tant features as plant location and ar- 
rangement; economy in regard to pro- 
visions for present and future capacity; 
handling of materials; correlation of 
collection and transportation problems 
with plant location and design; and 
costs of construction and annual opera- 
tion. 

A number of relatively large rubbish 
incinerators have been installed re- 
cently in Philadelphia and in other 
large cities. Frequently, these installa- 
tions include bailing presses, sorting 
belts, and other equipment to facili- 
tate salvaging of salable refuse. The 
wastes as received ordinarily do not 
contain as high percentages of garbage 
as those in cities where mixed collec- 
tion systems are maintained. However, 
the design of firing and combustion 
chambers is generally such that, where 
necessary, an increased percentage of 
organic matter can be burned without 
nuisance. 

As a culmination of long-standing 
complaints by New Jersey municipali- 
ties against the dumping at sea of 
garbage and refuse from New York 
City, the state of New Jersey received 
permission during 1929 from the 
United States Supreme Court to sue 
the state of New York for water pollu- 
tion and shore littering. Hearings in 
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the case before a special master have 
been started. 

Recent Installations——Some recent 
installations have included specially 
designed ash-handling equipment; pro- 
vision for the ventilation of ash tunnels 
and stoking floors; facilities for the 
ready cleansing of working spaces, 
storage bins, and equipment; and simi- 
lar betterments which tend to improve 
labor and general plant conditions. 

A few large refuse incinerators were 
completed or under construction during 
the year, including three plants in 
Brooklyn, N. Y., each with a capacity 
of 500 tons per 24 hours; one at Mon- 
treal, Que., 300 tons; at Atlantic City, 
N. J., 240 tons; at Yonkers, N. Y., 200 
tons; at Ashbury Park, N. J., 180 tons; 
and one at Racine, Wis., 120 tons. A 
small 50-ton plant was constructed at 
the transfer yards of the Pennsylvania 
R. R. in Pittsburgh, to dispose of waste 
vegetables and fruit. In addition, there 
have been more than 30 smaller in- 
stallations, with rated capacities, rang- 
ing from 25 to 100 tons. 

Four new refuse incinerators are 
proposed or under construction in the 
Boroughs of Manhattan and The Bronx, 
New York City. It is believed that 
the recent establishment by charter 
amendment of a sanitation commission 
to have charge of sewage treatment, 
refuse disposal, and street cleaning 
throughout the city, will speed the 
program for incinerator construction. 

At San Francisco, Calif., a proposal 
to construct a new refuse incinerator 
was approved in the November, 1929, 
election, but the record of indecision 
in refuse disposal matters evidenced in 
that city in the past has again been 
emphasized by the defeat of two op- 
posing supplementary propositions, one 
for public and the other for private 
ownership and operation of the incin- 
erator. 

Air Conditioning 

In recent years added impetus has 
been given to the technical study, of 
air conditioning through the efforts of 
several scientific organizations. 

The study of ventilation may be said 
to date from the work of Lavoisier 
during the last quarter of the Eight- 
eenth Century on the chemical nature 
of air. In 1862-63 von Pottenkofer 
published the results of studies of the 
composition of air and a discussion of 
th effects of carbon dioxide, of the de- 
crease of oxygen, and of alterations of 
temperature and humidity on the well- 
being of persons. 

It was not until 1902 that specific 
laws were enacted in Massachusetts to 
govern ventilation in school houses and 
public buildings. Similar legislation 
was adopted in New Jersey in 1903, 
and in New York in 1904. By 1925 


laws or regulations covering ventila- 
tion in schools were in force in 31 
states. 

Important contributions to knowledge 
in this particular science have been 
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made by the Chicago Commission 0: 
Ventilation which reported in 1914, an: 
by the New York State Commissio: 
on Ventilation which was appointed i 
1913 and reported in 1923. 

For crowded places, such as larg: 
theatres and convention halls, it is gen 
erally recognized as necessary tha 
there be a carefully planned mechani. 
cal distribution of fresh air of adequat: 
volume, without.the production of un- 
desirable chilling drafts or the accumu 
lation of overheated air in secluded 
spots. It is also recognized that in 
residences, or less crowded places, 
adequate ventilation can be secure: 
through open windows, There is, how- 
ever, a decided difference of opinion 
as to the relative value of open window 
or gravity ventilation and of forced 
or mechanical ventilation as applied to 
school-rooms, offices and other places 
of moderate occupancy. 

In general, public health officials 
through the medium of the American 
Public Health Association have advo- 
cated the open-window gravity system, 
whereas the proponents of mechanical 
ventilation have been represented by 
the American Society of Heating and 
Ventilating Engineers. 

The toxic properties of industrial 
gases are receiving the attention of in- 
vestigators. Especially noteworthy is 
the interest manifested by the U. S. 
Bureau of Mines in the problem of 
mine ventilation, which was responsible 
for the construction of a research labo- 
ratory near Pittsburgh, now being 
operated jointly by this Bureau and the 
American Society of Heating and Ven- 
tilating Engineers. 

Respecting progress during 1929, the 
outstanding event was the design and 
installation of an elaborate and efficient 
ventilating system for the Houses of 
Congress, under the advice and ap- 
proval of a special committee appointed 
by the U. S. Public Health Service. 


Miscellaneous 


Space does not permit comment on 
advanced methods for the protection of 
the milk supply, smoke abatement, 
shellfish protection, mosquito eradica- 
tion, rat-proofing, and the like, except 
to record a growing realization on the 
part of municipal, state and govern- 
ment officials that certain phases of 
these problems properly come within 
the province of the sanitary engineer. 
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Cement Storage Bins Have Air Jets 

At the central mixing plant of the 
Super Concrete Corp., Washington, 
D. C., bulk cement is delivered in dump 
trucks and carried by a bucket elevator 
to an overhead bin. Air jets are used 
to break up any consolidation of the 
cement which might occur under the 
pressure of the material above; thus, 
whenever the discharge gate is opened, 
the cement flows freely down to the 
batcher. The jets are placed at close 
intervals on the side walls. The air is 
controlled by a throttle valve. 
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The Cause of the Freak Weather 
of 1929 


One of the 11.2-year sunspot “peaks” was due about 
Nov. 1, 1928. These particular “peaks,” as the editor 
has shown, are caused by the pointing of Jupiter’s mag- 
netic axis more nearly toward the sun once in 5.6 years. 
When the north pole of that axis points most nearly 
sunward very many sunspots are generated, unless the 
magnetic field of some other planet diverts Jupiter’s 
lines of force. For a year or two on each side of a 
Jupiter “peak” the sunspots are very numerous, show- 
ing that Jupiter’s magnetic “beam” is not narrow. 
When either the north or south pole of this magnetic 
beam points most nearly earthward, our weather is 
greatly disturbed. The sunspots (being themselves 
electromagnets) aid in this disturbance. 


The mechanism by which weather is thus affected is, 
briefly, this: Electrons in the earth and the air rotate 
around lines of magnetic force. When thus rotating 
they become electromagnets. As magnets they are at- 
tracted or repelled by other electromagnets. There re- 
sults a flow or migration of electrons in the earth and 
its atmosphere with every change of magnetic force, 
whether due to the magnetic fields of the sun, of sun- 
spots or of planets. There are 12 great permanent 
electron whirls on the earth, 3 around the arctic circle, 
3 around the antarctic circle, and 6 around the equator 
in tropical and subtropical regions. When electrons 
flow into any of these 12 regions, these electron whirl- 
belts increase in intensity and their radii expand. 
Each whirl-belt ascends as a cyclone, bends over and 
descends as an anticyclone. In the regions of these 12 
permanent cyclones and their anticyclones, small mi- 
grating cyclones are generated. These migrating cy- 
clones cause all our storms. Such a cyclone may be 
very large, 1,000 miles or more in diameter, and long 
lived, or it may be merely a “dust devil” of a few 
minutes’ duration. Air molecules, it should be stated, 


adhere to electrons and are thus given rotation by the 
electrons. 
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Not only has the Jupiter magnetic axis been pointing 
much more directly earthward than usual, but the mag- 
netic axis of Neptune has been pointing more nearly 
earthward. Neptune’s magnetic north pole will be point- 
ing most nearly toward the earth about 10 years hence. 
It last pointed most nearly earthward in 1778. During 
the decade that preceded that year, and during the 
decade that followed it, the weather was frequently 
disturbed greatly. The winter of 1784, for example, 
was a record breaker for severity. On July 13, 1778, 
a hail-storm of unsurpassed violence swept Europe. It 
is said to have been “the most terrific storm of the sort 
in weather history.” On July 5, 1929, a hail-storm 
passed over central Europe, and its violence was second 
only to that of 1778. On July 18, 1929, a Colorado 
cloudburst wrecked the Rocky Mountain limited. Dur- 
ing the summer and early fall exceptionally heavy thun- 
derstorms were prevalent in western Texas, Arizona, 
New Mexico and Colorado; whereas at many points in 
the Mississippi Valley July was the third driest July in 
a century, and Great Britain was also parched. The 
West Indian permanent anticyclone, that originates as 
a cyclone over Africa, had migrated farther west, leav- 
ing the Mississippi dry and bringing heavy rains to 
Arizona, etc. Similarly the permanent anticyclone that 
hovers over the eastern part of the Atlantic (originat- 
ing as the permanent cyclone near Iceland) had mi- 
grated farther south, and had left Britain dry while 
bringing storms to central Europe. In this connection 
it may be added that the six permanent cyclones near 
the arctic and antarctic circles descend as anticyclones 
in the tropics; whereas the six permanent tropical 
cyclones descend as anticyclones far to the west and 
but slightly changed in latitude. The reason for this 
difference in direction of trend of these permanent 
whirls appears to be this: The six arctic and antarctic 
whirls are almost entirely controlled by the earth’s 
lower magnetic field whose electrons wave eastwardly, 
whereas the six tropical whirls rise so high that they 
come under the influence of the upper magnetic field 
whose electrons are moving westwardly. 


That there are two great magnetic fields was first 
perceived by the astronomer Halley nearly 250 years 
ago. He thought that both of these fields were inside 
the earth, whereas one of them is above the earth, con- 
stituting what is known as the Heaviside layer of elec- 
trons. It is this upper field that enables the earth to 
cause a sunspot cycle of 10.76 months, which reaches its 
maximum effect every 26 years when its axis is most 
inclined toward the sun. One of these superpeaks was 
due Jan. 18, 1916, and another 26 years earlier, in 
1890. Excessively great rainfall occurred within one 
month of those two months in many localities. For 
example, in December, 1889, the rainfall records of 
Los Angeles, San Bernardino and San Diego, Calif., were 
broken, and have been excelled only once since then; 
and in the case of San Bernardino the record-breaking 
rainfall was in January, 1916, exactly when-an earth 
“superpeak” was due. Los Angeles experienced its 
second heaviest rainfall in that month. 


It is not the sunspots caused by the earth that react, 
producing great rainfall; but the rainfall is due to the 
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great electron migration on the earth that results from 
the excessive sunward inclination of the magnetic axis 
of its upper field. The sun’s axis and the earth’s are 
in the same plane about Jan. 8, at which time electron 
migration northward is most pronounced: six months 
later the electron migration southward is most pro- 
nounced, due to a reversal of the polar positions. 


Based upon the electron theory, we may predict that 
the northern winters of 1933 and 1939 will be the sever- 
est that have been experienced in many years. Rainfall 
in 1939, when the effect of Neptune’s magnetic axis is 
greatest, will probably exceed that of any year during 
the preceding two generations, with corresponding se- 
verity of winter weather in northern localities. Like- 
wise earthquakes and volcanic activity will be very pro- 
nounced in those two years, for the same magnetic 
forces that disturb the air also disturb the molten in- 
terior of the globe. Although this last statement may 
sound fantastic, the editor has compiled so much statis- 
tical evidence relative to crustal movements that no 
doubt remains in his mind that “earthquake weather” 
is an expression full of truth, because the air move- 
ments that determine weather are caused by the very 
same electromagnetic forces that produce movements 
of the fluid interior of the globe. Serious doubts as 
to the fluidity of the inner earth have been expressed 
by geologists in recent years, but the doubts are based 
on theories that are probably of no validity where enor- 
mous pressures exist. 


Weather problems are complicated by the fact that 
the positions of the magnetic axes of at least 8 planets 
must be considered, and by the additional fact that each 
of these planets appears to have magnetic cyclonic whirl 
centers like the 12 that exist on the earth. Fortunately 
these whirl centers on the planets appear to be sym- 
metrically arranged. At any rate, the editor has found 
that Jupiter causes stormy periods not merely when its 
magnetic poles point most nearly earthward every 5.6 
years, but at intervals indicating the existence of 12 
magnetic centers, 6 of which are powerful. Similarly 
certain other planets, notably Uranus, produce rainfall 
cycles that indicate the existence of several magnetic 
centers equally spaced in longitude. 


The earth is much more delicately susceptible to elec- 
tron migration than is the sun, and its stormy periods 
are brief compared with those on the sun. Yet there 
is a strong similarity between cyclonic activity on the 
earth and on the sun, each phenomenon serving to throw 
light on the nature of the other. Here, as so often has 
happened in science, true theories have originated from 
the contemplation of two classes of phenomena that 
seem at first to be unrelated. The meteorologist who 
confines his researches to gas movements on the earth 
has little chance of understanding much about weather. 
The earth’s gases (mainly air) resemble the sun’s in 
being electrified and in motion as currents. The greater 
electrification of solar gases gives them more violent 
motions on a scale so large that we can learn much 
about such motions. Just as study of the motions of 
the heavenly bodies taught men a vast deal about me- 
chanics, so does study of the motions of the sun’s atmos- 
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phere cast a flood of light upon the mechanism of the 
earth’s atmosphere. 


It has been said that the editor of an engineerinz 
magazine should not attempt to discuss astronomic:.| 
phenomena. But such critics forget (if ever they knew ) 
that “‘the philosopher arrives at an intimate persuasion 
of one indissoluble chain of affinity binding together a’! 
nature.” 





Cosmic Rays and Gravitation 


Robert A. Millikan, Nobel prize winner and directcr 
of the California Institute of Technology, has discov- 
ered very penetrative radiations that he calls cosmic 
rays because they come from all directions. They have 
been found to penetrate 700 ft. into the earth, and are 
the most penetrative of all radiations yet discovered. 


Because these rays show no particular origin, such 
as a star or group of stars, Dr. Millikan has suggested 
that they may be generated during the evolution of 
atoms everywhere in “the vost cold reaches” of inter- 
stellar space. While this is an ingenious and fascinat- 
ing hypothesis, may not a more probable one be de- 
rived from the Einstein theory of “curved space’? 
Einstein’s theory of relativity leads him to predict that 
light travels in curved paths, and that the universe is a 
“closed universe” from which no radiations can escape. 
The gravitative pull of all energy is shown by him to be 
capable of preventing any radiations from escaping 
from a spherical universe and Dr. Ludwik Silberstein 
has recently estimated that the diameter of this uni- 
verse is about 9,000,000 light years. 


Just two years ago Dr. C. J. Davisson, of the re- 
search staff of the American Telephone and Telegraph 
Co., announced that he had succeeded in disintegrating 
electrons. Such disintegrations would probably pro- 
duce radiations of very short wave length, and since 
they can not escape from our universe they must be 
traveling in all directions through it. The same would 
hold true of radiations resulting either from the disin- 
tegration or integration of atoms. But whatever the 
source of the very short Millikan waves, the Einstein 
theory leads, we think, to the inference that space must 
be literally full of them, and that they must be moving 
in all directions. The main source of the Millikan 
rays is probably the stars, even though such rays come 
from every direction in space. It is noteworthy that 
only the simplest of all atoms, hydrogen, is found in 
all stars. 


If, as seems probable, gravitation and electric at- 
traction are first cousins, then gravitation is probably 
due to radiant waves that are emitted by all matter. 
Such waves must be much more penetrative than the 
Millikan rays. The editor has previously advanced the 
following hypothesis to explain gravitation: Radiant 
rays emitted by particle A strike particle B and cause 
more radiant rays to escape from the far face of B 
than from its near face. The reactive push of this 
unbalanced emission of rays from B would tend to im- 
pel it toward A. Similarly A would be so acted upon 
by B as to tend to move toward B. The Newtonian law 
of gravitation is readily deduced from this hypothesis. 
Moreover there is an abundance of laboratory evidence 
that an unbalanced escape of radiations (such as the 
hypothesis assumes) actually occurs under certain 


conditions. 
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e- THE City of Liverpool, England, uses a “Caterpillar” Prices—f. 0. b. Peoria, Illinois 
yh TEN... . $1100 TWENTY. . $1900 
; FIFTEEN . . $1450 THIRTY . . $2375 
z Tractor and modern bulldozer and scraper on one of its SIXTY . . . $4175 
2e : 
De garbage dumps—layers of refuse are covered by layers Caterpillar Tractor Co. 
id PEORIA, ILL. and SAN LEANDRO, CALIF., U. S. A. 
of of earth. The “Caterpillar” and scraper excavate the seminteesisetcacp presence —e 
1e ‘ P P (There’s a “Caterpillar” Dealer Near You) 
in 
earth, the same tractor bulldozes the great piles of waste TE LA 
g : 
“ and then spreads the earth. Traction and power conquer A _ ies P ~teaged, e 


: a hard job—*Caterpillar” Tractors serve another city! T Rr A C T (@) R 
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the Gillette Construction Group 





Dr. James Aston Awarded 
Robt. W. Hunt Medal 


James Aston, Consulting Metallur- 
gist for the A. M. Byers Company, 
Pittsburgh, Director of the Department 
of Mining and Metallurgy, Carnegie 
Institute of Technology and inventor 
of the Byers’ New Process for manu- 
facturing wrought iron, has_ been 
awarded the Robert W. Hunt Medal. 

This award is a high honor in the 
metallurgical field and has been made 
only three times in the last ten years. 
The American Institute of Mining and 
Metallurgical Engineers is said to base 
the award of the medal on the practical 
rather than the theoretical side of the 
best paper presented, dealing with a 
development in the iron and steel in- 
dustry. 

Dr. Aston was born in England in 
1876. His early education was received 
in Milwaukee. In 1898 he graduated 
from the University of Wisconsin with 
a B. S. Degree in Electrical Engineer- 
ing. 

In 1908 he returned to the University 
of Wisconsin for further research in 
metallurgy and a year later became an 
instructor in the department of metal- 
lurgy. Following four years’ work at 
the University he took his degree as 
Chemical Engineer and went to the 
University of Cincinnati to do analyti- 
cal metallurgy. After four years at 
the University of Cincinnati, Dr. Aston 
went with the Bureau of Mines in 
Pittsburgh as a specialist in corrosion 
problems. In 1915 he joined the A. M. 
Byers Company as Chief Metallurgist. 

In addition to being a member of the 
American and British Iron and Steel 
Institutes, Dr. Aston is a member of 
the American Electro-Chemical Society, 
the American Institute of Mining and 
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Metallurgical Engineers, the American 
Society for Testing Materials, the 
American Society for Steel Treating 
and the Engineers’ Society of Western 
Pennsylvania. 
ooo 
A. J. Duaei Joins W-K-M 
Company 

W-K-M Company, Inc., manufactur- 
ers of oil field, pipe-line, and industrial 
equipment, announce the appointment 
of Mr. Alexander J. Duaei as Manager 
of Sales, Western Territory. Offices 
have been established by the company 
at 205 West Wacker Drive, Chicago. 











Alexander J. Duaei, Manager of Sales, Western 
Territory, W-K-M Co. 


Prior to associating himself with 
W-K-M Company, Mr. Duaei was for 
eleven years connected with the Johns- 
Manville Company, seven years of 
which he was manager of the public 
utilities division of that organization. 

During Mr. Duaei’s years of connec- 
tion with Johns-Manville he has 
formed many friendships among execu- 
tives in the electric light, power, and 
gas companies throughout the United 
States. 

His broad knowledge of pipe line 
materials and particularly his knowl- 
edge of underground construction, fit 
him in an exceptional manner for his 
new association with W-K-M Company. 

Mr. Duaei was born in Amsterdam, 
Holland, and was educated in New 
York, and European universities. 

OO 
Timken Elects Officials 


At the annual shareholders meeting 
of The Timken Roller Bearing Company 
recently directors elected were H. H. 
Timken, J. G. Obermier, M. T. Lothrop, 
J. W. Spray, Henry H. Timken, Jr., of 


Canton; W. R. Timken of New York and 
A. C. Ernst of Cleveland. Officers 
elected at the directors meeting were 
H. H. Timken, Chairman; M. T. Loth- 
rop, President; W. R. Timken, J. G. 
Obermier, J. W. Spray, H. J. Porter, 
T. V. Buckwalter, L. M. Klinedinst, 
Vice Presidents; R. C. Brower, Secre- 
tary-Treasurer; J. A. Riley, Assistant 
Treasurer; F. F. Tudor, Assistant 
Secretary. 
$a 


Linde Products to Participate 


in Foundrymen’s Exposition 

The Linde Air Products Company 
and Associated Companies will have a 
display at the annual convention and 
exhibit of the American Foundrymen’s 
Association, Public Auditorium, Cleve- 
land, O., May 12 to 16, inclusive. The 
Linde display will place emphasis on 
the various applications of the oxy- 
acetylene process in modern foundry 
practice. 

Some of the welding equipment fea- 
tured at the Linde booth includes a 
20-cylinder wall type oxygen manifold 
and an Oxweld 300-lb medium pres- 
sure acetylene generator. A complete 
line of Oxweld and Prest-O-Weld weld- 
ing and cutting blowpipes will also be 
on display, together with exhibits of 
Union Carbide, Carbic, Prest-O-Lite, 
Acetylene and Linde Oxygen. A cor- 
dial invitation is extended to visit the 
booths. 

——<—<—<—$<a—____ 

W-K-M Pays 8 Per Cent for First 

Quarter 

On April 8 W-K-M Co., Inc., of Hous- 
ton, Tex., manufacturers of industrial, 
oilfield, pipe line, tractor and public 
utilities equipment, mailed out, as of 
March 31, 8 per cent interest earnings 
on their recent issue of preferred stock. 
As announced in the early part of Jan- 
uary, W-K-M capital stock has been in- 
creased by $400,000. The company re- 
ports very good business for the first 
three months of the year, with bright 
prospects for the remaining nine 
months, especially in the export field. 

2 

Budd Wheel Company, of Detroit, re- 
ports that service and replacement 
sales for February were 10.6 per cent 
above those for the corresponding 
month in 1929, and that the large vol- 
ume of unfilled orders with which the 
month of March started indicates un- 
precedented earnings in this depart- 
ment. 
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A™ official whose duty it is to select 

pipe wrenches or chain wrenches 
can find valuable guidance in the experi- 
| ence and choice of the oil worker. 





For the oil fields are the proving ground 
of pipe wrenches. Nowhere else must tools 
measure up to such standards of service, 
safety and strength. Nowhere else is the 
work more strenuous and punishing. 





And the oil man’s choice today, as it has 


been for years, is All-Steel TRIMO. 


TRIMO 


Pipe Wrench 


All Steel for Strength 
Handle Drop Forged Not Cast 








Made by Trimont Mfg. Co., Inc., Roxbury (Boston), Mass. 
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SERVICE EXCHANGE 


Manufacturers or Distributors 

















Editor’s Note.—From time to time we receive 
letters from distributors wishing to be put in 
touch with manufacturers of certain lines of 
equipment, or from manufacturers seeking rep- 
resentatives for their products. Items of this 
kind will be published and names and addresses 
furnished interested persons upon request. 





New Lines Wanted 
Bacteriologist would like to make 
connection with manufacturer for such 
work, or as assistant chemist. 





Water Works equipment distributor, 
covering northeastern Indiana, would 
like to secure represenation of a line 
of chlorinators. 





Manufacturer of non-clogging sew- 
age pumps, both horizontal and vertical, 
as well as water works pumps suitable 
for municipalities of 50,000 or 60,000 
people, is interested in securing addi- 
tional sales representation. 





Distributors wanted for deep-well 
turbine pumping unit. Product serves 
small industrial plants, private estates 
and farmers. 





Manufacturer of water works brass 
goods would like to make proposition 
to manufacturers’ representatives call- 
ing on water works’ trade. 





District representatives wanted for 
sanitary engineering specialty used ex- 
tensively in the water works, sewage 
and swimming pool fields. 





A Michigan distributor, with many 
year’s experience, representing at this 
time prominent manufacturers of pump- 
ing machinery, offers the services of 
an established representative to manu- 
facturers needing incrased facilities in 
this region. 





Canadian distributor of equipment 
for water softening, filtration, sewage 
purification and pumping is interested 
in securing exclusive sales rights for 
kindred equipment in the Dominion. 





Manufacturer’s representative with 
25 years sales experience, conversant 
with all types of pumps and their field, 
desires agency for either New York or 
export territory, or both. 





Manufacturers’ agents representing 
well known lines of water works equip- 
ment desire to secure line of pipe push- 
ers and other similar equipment for 
California and western Nevada terri- 
tory. 





Distributor covering northern Cali- 
fornia, having warehouse facilities, 
would like to secure line of water me- 
ters, pipe jacks or pushers, flow meters, 
and sewage treatment and disposal ma- 
terial and equipment. 





Manufacturer’s representative, with 
warehouse facilities available, would 
like to secure additional lines in water 
works and sewerage and general con- 
tracting fields. Covers Houston and San 
Antonio territory. 


—ie 
—" 


Representatives Wanted 
Manufacturer of metal tie and spacer 
wishes to establish distributing points 
throughout the country. 








Manufacturer of patented luminous 
highway danger signs and signals is 
interested in securing aggressive rep- 
resentation in various parts of this 
country and Canada. 





Distributor of building specialties 
covering a territory of 100 mile radius 
from Chicago is equipped to represent 
additional lines. 





Manufacturer’s agent with 20 years’ 
experience desires agencies for any 
type of building specialties or contrac- 
tors’ machinery except mixers. Famil- 
iar with all types of contractors’ 
machinery. Could act as sales manager 
for Atlantic Coast line with dealers. 





Manufacturer of air compressors and 
contractors’ tools has number of de- 
sirable territories open. Full co-opera- 
tion will be extended to distributors. 





Manufacturer of contractors and 
builders levels and transits is seeking 
district sales manager. Exclusive con- 
tract given. Excellent territory still 
available. Backed by national adver- 
tising. 





Well established manufacturers’ rep- 
resentatives wanted to handle sand and 
gravel pumps and equipment, in key 
cities, by successful manufacturer of 
high grade dredging pumps and hy- 
draulic dredging equipment. Give 
character of equipment now being 
handled and territory covered. 





Manufacturer of hoisting machinery 
and air compressors has open territory 
in New York and New England states 
for aggressive distributor. 





Attractive territory available for ex- 
perienced men to handle contractors 
labor-saving equipment by old estab- 
lished company. Equipment backed by 
national advertising. 





A manufacturer of paving expansion 
joints is looking for distributors for 
northern California territory. 





Manufacturer of metal lath, cornez 
beads, channels and reinforcing mesh 
desires to secure distributors for prod- 
ucts in the southwest and middlewest. 





Manufacturer of threadless pipe 
couplings and tees, with rapidly grow- 
ing business, is seeking additional rep- 
resentatives. 





Manufacturer of mechanical spread- 
ers for cover material desires repre- 
sentation by organizations covering 
entire states. Several desirable states 
are still open. Number of inquiries 
now on hand for spreaders require im- 
mediate follow up. 





Manufacturer of complete line or 
construction equipment, mixers, saw 
rigs, plaster and mortar mixers and 
pumps has an open territory in the 
state of Maine and is looking for an 
aggressive distributor to represent him 
there. 


Long established and well-known 
manufacturer of industria] locomotives 
wishes to make contacts with qualified 
distributors. Locomotive line includes 
steam, gasoline, gas-electric and oil- 
electric. Supported by national trade 
journal advertising. 








Manufacturer of cut to length, easily 
erected standardized steel highway 
bridges, for spans up to and including 
40 feet, which are sold to highway 
commissioners and superintendents, has 
attractive territory open in states south 
and west of Chicago. 





Manufacturer of Transverse Testing 
Machines desires to build up distribu- 
tion organization in this country and 
abroad. 


Manufacturer of plows, grade-rippers 
and scrapers desires representation in 
Arizona, New Mexico, Arkansas, Kan- 
sas and Louisiana. 








One of the leading manufacturers of 
surveying instruments in the United 
States is seeking responsible agents in 
all sections of the country. Instruments 
are nationally advertised in all leading 
engineering journals. 





Manufacturer of centrifugal pumps 
for water works, sewage plants, sand 
and dredging plants, process industry, 
contractors, etc., desires to secure ad- 
ditional representation. Attractive ter- 
ritory available. 











THE MOST IMPORTANT INGREDIENT 
IN YOUR PIPE COATING IS 


443 = 9o a ee 


The best solution to any of the problems that come up in the 
business of coating pipes is knowledge. Robertson has the knowl- 
edge. The H. H. Robertson Co. is the world’s largest producer 
of special asphalts. It has made investigations in the action of 
soils on coating materials, It can determine, the exact combina- 
tion of asphaltic bases that are best calculated to protect your 
pipe under any given set of conditions . . . and it can produce 
exactly that combination. 


Specify Robertson coatings on your pipes. 


ROBERTSON 


HAS THE 


H. H. ROBERTSON CO., 
PITTSBURGH, PA. 





Leading Communities 
Are Solving Sludge Bed Problems 
with KINGS 


By doubling (and even trebling!) the capacity 
of sludge beds originally uncovered, King En- 
closures are affording an economical solution 


fensive plant—one which will fit in with 
pleasant surroundings. King Enclosures ful- 
fill this requirement. . . . Designed by ex- 


to one of the big problems of modern day 


sewage disposal. . But this is not all! 
Urban localities demand an attractive, inof- 











perienced engineers, rigidly built by a veteran 
organization, King Enclosures are today effti- 
ciently serving prominent communities all 
over the country... . 


Let us send all the facts! 


KinG GONSTRUCTION GOMPANY 


533 Wheatfield Street 
North Tonawanda, N. Y. 
Philadelphia, Pa. 


Scranton, Pa. Toledo, Ohio 
Schenectady, N. Y. Bridgeport, Conn. 


New York City Boston, Mass. 


Illustration shows the two 48 ft. x 97 ft. King Enclosures erecte d 
for Boroughs of Bergenfield and Dumont at Dumont, N. J. Engi- 
neer, Thos. F. Bowe. 


copper-bearing flat steel side posts and flat steel rafters 
spaced on 8 ft. 5 in. centers; steel trussing; steel gable rafters. 


Woodwork: sash bars, ridge, ridge caps, rafter 

caps, gable rafters, sash doors, door frames—all 

manufactured from straight- grained, clear heart, 
air-dried California redwood. 


Framework: 


Ventilation: both sides of the ridges and the sides. 
This gives a positive control of odors. 





Yes—we would like you to mention WATER WORKS AND SEWERAGE, 








Tagliabue Acquires Large 
Property 


The C. J. Tagliabue Mfg. Co., of 
Brooklyn, N. Y., well known maker of 
instruments, announced the acquisition 
of the American Tobacco Co. property 
on Park Ave., extending from Nostrand 
Ave. to Sanford St. in Brooklyn. 


New Home of C. J. Talgiabue Mfg. Co., 
Brooklyn 


The Tagliabue company has been in- 
dustrially prominent in Brooklyn for 
many years as makers of TAG indus- 
trial and laboratory instruments, such 
as indicating, recording and controlling 
instruments for temperature, pressure, 
humidity, time, condensation and liquid 
level, laboratory and industrial ther- 
mometers, hydrometers and oil testing 
instruments. 


The company enlarges to more than 
double its present facilities in its pro- 
jected removal to Park Ave. The new 
building, a model of the latest indus- 
trial construction, will be occupied about 
the first of July. It is a five-story, 
basement and pent house, modern con- 
crete, fireproof structure covering the 
entire block front on Park Ave., from 
Nostrand Ave. to Sanford St. The plot 
measures 200x234 ft. and the building 
provides approximately 300,000 sq. ft. 
of working floor space with lofty 14-ft. 
ceilings and modern steel sash, making 
it unusually light. 


Located on the third floor, the execu- 
tive offices will command a centralized 
approach to every department. A large 
reception room and show room are pro- 
vided on this floor, where permanent 
exhibits of the products will be on dis- 


play. 


Manitowoc Engineering Adds 
New Distributors 


The following distributors will handle 
Moore speedcranes, shovels, draglines 
and trenchoes in their various terri- 
tories, for the Manitowoc Engineering 
Works, whose plant is located at Mani- 
towoc, Wis.: 


Edgerton & Sons Co., 585 Hosatonic 
Ave., Bridgeport, Conn.; Hudson Val- 
ley Welding Co., 7 Buckingham Ave., 
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Poughkeepsie, N. Y.; W. A. Ward, 
Hillsdale, N. Y.; James Beale, Jr., Box 
445, Sound Berch, Conn.; Ilium Truck 
& Equipment Co., Inc., 2 Oakwood 
Ave., Troy, N. Y.; Contractors Ma- 
chinery Co., Kansas City, Mo.; J. B. 
Harbison Equipment Co., Little Rock, 
Ark.; Northfield Iron Co., Northfield, 
Minn.; J. C. McDonald, 2104 Webster 
St., Omaha, Neb.; Contractors Machin- 
ery & Supply Co., 318 Penn Ave., Pitts- 
burgh, Pa.; LaLance Equipment Co., 
Huntington, W. Va.; Richmond Machin- 
ery Co., Richmond, Va.; J. W. Hodge, 
1334 N. Highland Ave., Atlanta, Ga.; 
Harvard Turnbull & Co., Excelsior Life 
Building, Toronto, Ont. 


<i 
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Kanitz Made General Sales 
Manager for Continental 
Motors Corporation 
W. R. Angell, President of Continen- 
tal Motors Corporation announces the 








W. R. Angell” 


appointment of Louis J. Kanitz as Gen- 
eral Sales Manager of the organization. 
Mr. Kanitz joined the Continental Mo- 
tors Corporation in February 1920 after 
resigning his commission as Lieut. 
Commander in the United States Navy. 


Louis J. Kanitz 


For the past three years he has been 
in charge of the industrial engine divi- 
sion of the company. Mr. Kanitz was in- 
strumental in the formation of that 
branch of Continental’s activities. 


STATEMENT OF THE OWNERSHIP, MAN- 

AGEMENT, CIRCULATION, ETC., REQUIRED 

BY THE ACT OF CONGRESS OF AUGUST 
24, 1912 


Of Water Works and Sewerage, published 
monthly at Chicago, Illinois, for April 1, 1930. 


State of pinot as. 
County of Cook 


Before me, a notary public in and for the 
State and eounty aforesaid, personally appeared 
E. S. Gillette, who, having been duly sworn 
according to law, deposes and says that he is 
the business manager of the Water Works and 
Sewerage and that the following is, to the best of 
his knowledge and belief, a true statement of the 
ownership, management (and if a daily paper, 
the circulation), etc., of the aforesaid publica- 
tion for the date shown in the above caption, 
required by the Act of August 24, 1912, em- 
bodied in section 411, Postal Laws and Regula- 
tions, printed on the reverse of this form, to 
wit: 


1. That the names and addresses of the pub- 
lisher, editor, managing editor, and business 
managers are: 


Publisher, Gillette Publishing Company, 221 
E. 20th St., Chicago, Ill. Editor, H. P. Gillette, 
221 E. 20th St., Chicago, Ill. Managing Editor, 
C. T. Murray, 221 E. 20th St., Chicago, IIl. 
Business Manager, E. S. Gillette, 221 E. 20th 
St., Chicago, IIl. 


2. That the owner is: (If owned by a cor- 
poration, its name and address must be stated 
and also immediately thereunder the names and 
addresses of stockholders owning or holding one 
per cent or more of total amount of stock. If 
not owned by a corporation, the names and 
addresses of the individual owners must be 
given. If owned by a firm, company, or other 
unincorporated concern, its name and address, 
as well as those of each individual member, 
must be given.) 


Gillette Publishing Company, 221 E. 20th St., 
Chicago, Ill.; H. P. Gillette, 221 E. 20th St., 
Chicago, Ill.; E. S. Gillette, 221 E. 20th St., 
Chicago, Ill.; Mrs. R. W. Hume, 303 S. Stone 
Ave., LaGrange, Ill.; Winifred Gillette, 1125 
Oak Grove Ave., San Marino, Calif. ; Common- 
wealth Title Insurance & Trust Co., Chestnut 
and 12th Sts., Philadelphia, Pa.; Louise For- 
sythe, 138 E. Windermere Terrace, Lansdowne, 
Pa.; LaVerne Louer Hellyer, Ambassador Hotel, 
Chicago, IIl. 


3. That the known bondholders, mortgagees, 
and other security holders owning or holding 1 
per cent or more of total amount of bonds, 
mortgages, or other securities are: (If there 
are none, so state.) None. 


4. That the two paragraphs next above, giv- 
ing the names of the owners, stockholders, and 
security holders, if any, contain not only the 
list of stockholders and security holders as they 
appear upon the books of the company but also, 
in cases where the stockholder or security holder 
appears upon the books of the company as 
trustee or in any other fiduciary relation, the 
name of the person or corporation for whom 
such trustee is acting, is given; also that the 
said two paragraphs contain statements embrac- 
ing affiant’s full knowledge and belief as to the 
circumstances and conditions under which stock- 
holders and security holders who do not appear 
upon the books of the company as trustees, hold 
stock and securities in a capacity other than 
that of a bona fide owner; and this affiant has 
no reason to believe that any other person, 
association, or corporation has any interest 
direct or indirect in the said stock, bonds, or 
other securities than as so stated by him. 


5. That the average number of copies of 
each issue of this publication sold or distributed, 
through the mails or otherwise, to paid sub- 
scribers during the six months preceding the 
date shown above is: (This information is 
required from daily publications only.) 


E. S. GILLETTE. 
(Signature of business manager.) 
Sworn to and subscribed before me this 21st 
day of March, 1930. 
(Seal) KITTIE C. WOULFE, 
Notary Public. 
(My commiasion expires Feb. 8, 19384.) 








